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David Matthew Geliebter 
 
Achieving science education goals by teaching a breadth of science is possible, 
but it requires verbal pedagogies which require trust. However, the lack of trust in 
teachers is an international problem, leading to suboptimal school performance and other 
issues. Research concerning the importance of trust in science education is found 
wanting. To determine which trust factors affected achievement of which science 
education goals, 96 female yeshiva students in grades 7, 8, 9, and 12 filled out a survey 
and questionnaire that asked about their perceptions of the effects of their trust-in-
teachers factors on their achievement of science education goals. 
Regardless of subgroup (tier [group of school grades] or learning style), the 
following science education goals were statistically significantly perceived by 
participants to be achieved with the presence of the listed trust factors: 
 Learning Classroom Science: Role, Transferring Knowledge, and Character. 
 Science Literacy: Transferring Knowledge. 
 
 
 Future Science: Role and Transferring Knowledge. 
For the following subgroups, the listed trust factors were also valued: 
Students who learn best by “listening to [their] teacher”: Expertise and Support; 
students who learn best by “exploring and doing things with [their] physical hands”: 
Emotional Relationship and Guidance; middle schoolers: Meritorious Service and 
Emotional Relationship; high schoolers: Guidance. 
It was also found that age has less predictive power than learning styles or “school 
blocs” (elementary school, middle school, high school) which are socially-constructed 
and ignore learning styles.  
Because of verbal methods’ more ubiquitous application than strictly science-
educate-minded pedagogies, if repeated with modification, the Shade Report instrument 
introduced in this study has implications for students of different demographics 
(including ethnicities/cultures, sex, school type, and grade), additional learning styles, 
different science education goals, control factors or intimacy factors rather than trust 
factors, and teachers if they indicate how students can be more effective students. 
The present study has provided information regarding which trust factors are 
perceived by students to achieve specific science education goals. The next possible 
research step is to more fully examine through appropriate research design how to 
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Purpose of the Study 
The purpose of this study is to determine if there are patterns in 7-12
th
 grade 
female yeshiva students’ perceptions of interactions of interpersonal trust factors with 
their science teachers and achievement of science education goals, as well as how age 
and preferred learning styles affect these perceptions. 
 
 
Figure 1. Madalaine’s1 Message. (November 17, 2015). Photograph of original message 
on whiteboard. 
                                                             
1




The frustration with her teachers that Madalaine felt when she, as a high school 
junior in a NY Metropolitan area school, wrote the above message (Fig. 1) in large letters 
across a whiteboard in the school’s auditorium is not rare. “Teachers were once thought 
of as moral authorities who upheld cultural standards and societal norms (Durkheim, 
1956). In the past 25 years, however, blanket assumptions that students perceive all 
teachers as legitimate authority figures have been challenged (Arum, 2003; Hurn, 1985; 
Pace & Hemmings, 2007)” (Gregory & Ripski, 2008, p. 338). Anecdotally, in May, 2013, 
before I began my science education doctorate, for research ideas of what needed to be 
fixed in education in Israel, I corresponded with some of my Israeli friends (who had 
already graduated high school) asking, “If you could change one thing (or more) about 
Israeli high schools, what would it be?” Answers included, “Focus on dignity and 
respect.” and “[They don’t have a passion to teach because they don’t earn enough 
money],” illustrating that this problem is present in Israel as well. “Indonesia is focusing 
increasingly on…the quality of schools and teaching” (Suryadarma et al., 2006, p. 401); 
yet, in a study involving Indonesian high school students, the authors wrote in their 
introduction: 
   Unfortunately, several facts reveal that teachers abandon the trust granted to 
them. Several cases in the mass media demonstrated relatively severe cases 
including assault to students, deception or other legal violations, as well as 
common cases of poor teaching competence in managing the students in class. As 
a result the students’ trust diminishes or eliminates all together. (Kurnianingsih et 
al., 2012, p. 86) 
 
Collectively, this information indicates that the lack of trust in teachers is an international 
problem. Trust was positively correlated with “school adjustment, academic motivation 





Due to the broad exposure of topics, teaching science with breadth may better 
enable achievement of science education goals. Physical pedagogies, methods which 
require projects or other physical manipulations, such as project-based science and 
activity-driven pedagogies tend to take more time than verbal pedagogies, methods which 
do not require more work than speaking, such as lecture and discussion, and for students 
who learn better with verbal pedagogies or for topics which can be taught adequately 
with verbal pedagogies, physical pedagogies are not only a less efficient use of time and 
potentially resources/funding, but also less effective for learning. Though verbal 
pedagogies are less unique to science than physical pedagogies, it is important to study 
this recently neglected realm to better serve a wider array of students who learn 
differently and to save time to maximize the amount of breadth that can be taught. A goal 
of the present study is not to eliminate depth from science education but to support use 
for depth only when it is needed so as to allow for maximum breadth. 
The recent preference and borderline obsession with depth and physical 
pedagogies at the expense of breadth and verbal pedagogies may be due to educators’ 
reluctance to teach how to teach using verbal pedagogies as teaching with verbal 
pedagogies requires trust, and trust requires changing how teachers interact with students, 
a difficult procedure. 
The term trust is defined as “reliance on the integrity, strength, ability, surety, 
etc., of a person or thing; confidence” (trust, 2017) and has been defined or applied 
similarly but in varied manners in various literatures (Kurnianingsih et al., 2012, pp. 86-
88). Though there is some ambiguity, trust in the present study refers to the confidence or 




certain action. To answer the question “What factors influence trust to teachers?” (p. 86), 
Kurnianingsih et al. (2012) gave 291 high school students in Indonesia open-ended 
questionnaires asking them why they trusted their teachers and grouped responses into 
nine themes called trust factors in the present research study. To determine a preliminary 
likelihood of which trust factors influence which science education goals, students of 
various ages can be asked for their perceptions of how these two factors interact for them. 
Meeting these trust factors, teachers may better enable students to achieve science 
education goals in one of two ways: either with trust directly enabling science education 
goals (by following patterns suggested by participants in the present study) or with the 
conduit of trust enabling verbal pedagogies enabling broad science education enabling 
the achievement of science education goals, i.e., once trust is present, it can enable the 
I’ll-take-your-word requisite of verbal pedagogies which, once it is present, can, with its 
time-saving characteristic, enable broad science education, which, with its vast topics, 
can inspire students to pursue science education goals. Furthermore, patterns of perceived 
interaction of trust factors and achievement of science education goals may be found to 
differ for students of different learning styles and the results of this study may have 









REVIEW OF THE LITERATURE AND THEORETICAL PERSPECTIVE 
 
Review of the Literature 
Prior to the present study, some students (not in the present study) were 
interviewed or surveyed. Some of these students are cited in the Review of the Literature 
and referred to by first name pseudonyms. 
 
Science Education Goals: Learning Classroom Science, Future Science, Science 
Literacy 
It is important to teach with multiple science education goals in mind lest a 
student throw out science in its entirety with the bathwater of one science education goal 
not seeming relevant to the student’s life. For example, a high school sophomore stated, 
“besides a scientist…when would [science] ever come up? It doesn’t seem relevant.” 
(Keith, personal communication, November, 2015). Another high school sophomore, also 
wrote on a survey, “I like some topics, but b/c I don’t think I’m going to become a 
scientist I don’t feel the need to learn it” (Jade, personal survey, November 30, 2015). 
But even if students do not think about pursuing science as a career, we still need to know 
how to teach them for the goals of science education overall (C. Emdin, personal 
communication, September 5, 2017). There are many science education goals, but to keep 
this research study focused and tractable, only three goals are discussed: learning 
classroom science, future science, and science literacy. Additionally, these three goals 




achievement of these goals. Descriptions of these three goals are given in the following 
three subsections. Discussions of how presence of trust may interact with these goals are 
presented in a later subsection. 
 
Learning classroom science. One goal of science (and indeed all) education is 
“is to facilitate student learning and understanding of this content” (Committee on 
Science Learning, Kindergarten Through Eighth Grade, 2007, p. 35). Often times, this 
end must be facilitated with a conceptual-change process, a process more associated with, 
but not limited to science education. For conceptual-change to occur, new ideas must be 
seen as irreconcilable with old ideas and be seen as intelligible, initially plausible, and 
fruitful (Hewson & Hewson, 1984). Next Generation Science Standards stress the 
importance of skills and concepts such as argumentation, practices of science, and 
crosscutting concepts (NGSS Release, 2013). Though in the present exposition, the 
science education goal “learning classroom science” is discussed more broadly, including 
a wider range of issues (e.g., conceptual-change, etc.), it is clearly relevant to the NGSS.  
 
Future science. Another goal of science education, and more unique to science 
education, is to encourage students to pursue science in future education and careers 
(Froschauer, 2015; Woodruff, 2013; Wright, 2000), occasionally called “Future Science” 
throughout the rest of the research study. For decades, in speeches such as State of the 
Union addresses, U.S. presidents have pushed the importance of staying competitive in 
science or STEM fields (Woodruff, 2013). “The nation is dependent on the technical and 
scientific abilities of its citizens for its economic competitiveness and national needs” 




Science literacy. A third science education goal, again more unique to science 
education, is to make students “an informed general public” (Wright, 2000, p. 187), that 
is, science literate, competent enough to understand scientific theories and the nature of 
science to be able to make informed decisions about current events and when voting for 
political candidates and signing petitions (Eisenhart et al., 1996; Lee, 1997). “A 
democracy demands that its citizens make personal and community decisions about 
issues in which scientific information plays a fundamental role, and they hence need a 
knowledge of science as well as an understanding of scientific methodology” (Committee 
on Science Learning, Kindergarten Through Eighth Grade, 2007, p. 34). An example of 
an attempt at science literacy in action is the following explanation in a pamphlet about 
environmental toxins: “Science is an ongoing effort, and may not always provide the 
‘proof’ and certainty that we seek. Also, the use of certain products may be considered to 
be safe at one point in time, but then determined years later to be unsafe” (Prevention is 
the Cure, 2006). Other science education goals exist, but to keep this research study 
focused and tractable, only these three goals are discussed. 
Science literacy is a worthwhile goal; however, the current narrow guidelines of 
“what facts, concepts, and forms of inquiry should be learned and how they should be 
taught and evaluated…make achievement of ‘science for all Americans’ difficult” 
(Eisenhart et al., 1996, p. 266). (In the remainder of the present research study, these 
factors of guidelines, techniques, focuses, and pedagogies are referred to as the Eisenhart 
factors.) Furthermore, “[t]here is even a danger in implementing educational programs or 
establishing policy priorities without an adequate knowledge base” (Lee, 1997, p. 219). 




study may be at jeopardy with inappropriate Eisenhart factors. Supporting these notions, 
in reference to well-intentioned but unwise innovation in education, the course director of 
Microbiology and Immunology at a medical college said, “My role as course director is 
to mitigate the damage caused by external factors” (J. Geliebter, personal 
communication, September 9, 2017). 
Combining the idea that Science Education innovations, particularly within the 
Eisenhart factors, are not always beneficial with the previously mentioned concept of 
teacher quality, in the USA, efforts such as the Next Generation Science Standards and 
NYC Scope & Sequence have affected the content being taught, but have not changed the 
quality of the teachers. Efforts such as these learning standards “maintain that students 
should develop depth of understanding, rather than aim for maximum coverage” (Johnson 
& Jones, 2006; NGSS Release, 2013; NYC Department of Education, 2015; Schwartz et 
al., 2008, p. 799). Depth-stressed-teaching (sometimes referred to simply as “depth”) 
enables elaboration and integration (Newmann, 1988) but at the cost of teaching only few 
topics. Breadth-stressed-teaching (sometimes referred to simply as “breadth”) sacrifices 
the elaboration and integration to be able to teach more topics, albeit more shallowly. 
Pushing depth has indeed been the agenda of many policymakers and educators, as 
aforementioned, as perhaps it is easier to change the Eisenhart factors than teacher quality 
and student-teacher relationships. Yet, the neglected benefits of breadth are many and the 
ability to use breadth to achieve science education changes is discussed in the following 
subsection. As discussed in the next subsection, breadth may be preferable to depth to 




the present study is not to eliminate depth from science education but to support use for 
depth only when it is needed so as to allow for maximum breadth. 
 
Breadth 
In a conversation I had with Jan Geliebter, he mentioned the following notions: 
Breadth in education encourages the creativity that has won the United States so many 
Nobel Prizes. Also, once students specialize, they run the risk of not liking or not being 
good at their specialties and consequently needing to fall back on their last point of 
generalization. People tend to specialize later in their education and if providing high 
school students with breadth (so that they have knowledge allowing for specialization) is 
not a priority, we might as well force kindergarteners to specialize. Sometimes, 
substantial specialization first occurs after schooling and breadth is carried out so far to 
even the extent of the medical college at which Geliebter works as this school teaches 
breadth (within medical sciences), so that graduates could go into any field (J. Geliebter, 
personal communication, Dec 5, 2014).  
Furthermore, by forcing depth on students, they either end up collectively narrow-
minded or as specialists dependent on collaboration with each other, increasing chances 
of laboratory contamination, slip-ups, and biases. Specialization also led to eight people 
being authors of my undergraduate molecular biology textbook. It is absurd that my 
classmates and I were expected to cover eight authors’ worth of material but that eight 
people were required to write a book that we used for one semester. Another advantage of 
generalization is the ability to contribute to multiple fields. Abd-El-Khalick and 
BouJaoude (1997) wrote about biology teachers not being able to agree on the nutritive 




ignorance and lack of content-knowledge of most teachers in their study may have been 
the narrowing of their education as their education advanced. 
Schwartz et al. (2008) found that receiving a more depth-based science education 
in high school raised college grade around only 1 point out of 100 which is usually not 
large enough to cause a change in a letter grade (even from an A- to an A). The authors 
paraphrased Sadler and Tai (2001) stating that “although high scores on high-stakes 
tests…may be the short-term focus of many teachers and students, other measures may be 
more important, such as the adequate preparation for success in later coursework” (p. 
803). 
 
Backwards attack on breadth. With so many benefits to breadth, but the 
difficulty in training teachers to be able to teach effectively using it, depth-proponents 
have taken faults of depth and claimed that they are faults of breadth!  
The claim that breadth contains unrelated “isolated bits of information” 
(Newmann, 1988, p. 347) is a projection of a fault of depth. As breadth occupies a greater 
number of topics in the distribution of total knowledge, the gaps of unrelatedness 
between topics of a breadth-heavy curriculum are smaller than they are between topics of 
a depth-heavy curriculum. 
The claim that with depth-instruction, “students will leave school better grounded 
in scientific knowledge and practices—and with greater interest in further learning in 
science—than when instruction “covers” multiple disconnected pieces” (National 
Research Council, 2011, p. 33) is incorrect because of two reasons. The second claim of 
“disconnected pieces” was already addressed in the previous paragraph. The claim of 




for students to express interest in a particular aspect of a field after touching upon many 
aspects thereof than it is for the students to generalize interests after specializing in 
school, e.g., “Wetlands have so many cool organisms! I want to learn more about 
dragonflies!” seems like a more feasible exclamation than “Dragonflies are so cool! I 
want to learn about all wetland organisms!” 
Schmidt et al. mentioned that the breadth of the U.S. science curriculum is 
“unfocused, repetitive, and […] undemanding” (Schmidt et al., 2005, p. 532 as cited in 
Schwartz et al., 2008, p. 821). The unfocusedness is indeed a hallmark of breadth, seen 
by breadth advocates as a positive feature, “undemanding” seems like it better describes 
depth, and “repetitive” is certainly more characteristic of depth, as depth-teaching focuses 
on the same idea for many days or weeks whereas breadth-teaching allows for fresh ideas 
with great frequency. 
Newmann even praised “[t]he alternative [to breadth,] depth” by saying that in-
depth study of a field such as “ecological balance” could be broad (p. 346) instead of 
straightforwardly admitting that breadth is good. 
 
Breadth and general science education goals. Murtagh (2001) noted that 
students commented positively on the breadth of the course in his study. Furthermore, 
Beittel et al. (1961) found that students “say they prefer a variety of experiences, or the 
breadth approach” (p. 86), but students whose classes focused on only painting showed 
more progress than students whose classes focused on multiple media. The depth 
students, however, may have only shown more progress, because “the “depth” group was 
thought by the art teacher at the outset to be the slowest group creatively” (p. 76) leading 




term projects of depth…with less yielding to their restless demands for variety” (p. 86). 
Even if depth actually did cause more progress, this progress could only occur if students 
are not embittered enough to not sign up for the class, to ditch class, or to not come to 
school. And students may not actually learn in the long term if they are not interested in 
the class (Dewey, 1902/1990). So too, students may only have conceptual changes and 
learn classroom science, care enough to vote on issues that require science literacy, and 
pursue further science if they enjoy the teacher, class, or content enough for these effects 
to manifest. 
 
Breadth and learning classroom science. Vosniadou et al. (2001, p. 391) 
mention that broad coverage leads to misconceptions. It makes sense that the more time 
that is spent on a topic in class, the greater the likelihood of achieving conceptual change, 
but more time can quickly turn into “a waste of time” (Hirsch, 2001, p. 23) if instruction 
on the topic is continued once conceptual change is reached. Thus reserving depth for 
only the topics that require it allows for more topics to be taught and more conceptual 
changes to be made. Science education does not just seek to make a conceptual change, 
but conceptual changes. If four conceptual-changes a semester is a goal, five or more is 
even better. 
 
Breadth and science literacy. If the goal of a course is to teach students to be 
literate in just four topics, then yes, depth can better ensure that these topics are taught 
well. But not only is science literacy not the only goal of science education, getting 
students to care enough to vote on a topic or sign a petition that requires science literacy 




or a “a waste of time” (Hirsch, 2001, p. 23). Schwartz et al. wrote “students in secondary 
schools should have the choice between courses that develop literacy through broad 
overviews and those that develop aspiring scientists through in-depth studies” (2008, p. 
804). Depth is important for “develop[ing] aspiring scientists,” but breadth is important to 
expose students to enough science in the first place to find concepts that resonate with 
them whether to encourage acting on science literacy or encourage future study of 
science. 
 
Breadth and future science. Wright (2000) mentioned that elective courses are 
beneficial. In order for students to intelligently select elective courses, however, they 
must experience enough breadth to be aware of the diversity of fields in which to 
specialize. Wright discussed electives within the greater context of differentiating 
between educating for scientific literacy and preparing students for science careers. Both 
of these approaches require particular curricula and so a breadth approach seems better 
adapted to handling multiple needs than does a depth approach. Furthermore, “[b]road 
exposure, imagination and competition are cornerstones of creating a career based on 
STEM” (Marshall, 2015). Additionally, a high school junior I was tutoring in A.P. 
biology, an elective course, told me she was disinterested in evolution, the topic we were 
studying, but was looking forward to learning about cells as she wanted to be a pre-med 
major in college (Linda, personal communication, October, 2017). Had she been exposed 
to a few topics deeply (e.g., evolution) but not to the topics that led to her pre-med 
interest, she might not have become interested in pursuing science after high school. 
Similarly, a teacher resonated this point in Feldman’s (2000) study by criticizing a type 




because they haven’t had more experience in high school?” (p. 618). All these reactions 
are reminiscent of the dragonfly example I mentioned earlier, i.e., it is much easier for 
students to express interest in a particular aspect of a field after touching upon many 
aspects thereof than it is for them students to generalize interests after specializing in 
school. 
 
Breadth and depth. However, depth and breadth do not need to be seen as 
mutually exclusive. Schwartz et al. (2008) classified students who spent at least a month 
on cell biology in high school as having studied in depth, but someone could easily argue 
that a student who studied organelles, cell division, cell signaling, and metabolism 
studied a breadth of cell biology rather than a depth of cell biology. More blurring of 
depth and breadth fields can also be seen in a historical perspective. A Renaissance Man 
may currently be associated with breadth. However, during the Renaissance such a man 
would have been versed in the depth of each of his fields as well, but as more knowledge 
was accumulated into each field, the depth of the original knowledge would seem to 
shrink. 
Relatedly, Hirsch (2001) wrote about “premature polarities” (p. 22), automatic 
affiliations with positions based upon people’s political impressions thereof. He wrote 
that “no barrier is greater than the sloganized polarity between deep understanding (or 
learning to learn) and the rote learning of mere facts” (p. 22). He stated that no pole is 
ideal and cited four principles from cognitive psychology to show how students learn. 
One pertinent principle is that “[t]he best way to learn a subject is to learn its general 
principles and to study an ample number of diverse examples that illustrate those 




problems in order to get a fuller, deeper understanding of the process, but cautioned 
against spending too much time on a single topic as it wasted time, which, I add, could be 
spent on pursing breadth. The second pertinent principle is that “[b]road general 
knowledge is the best entrée to deep knowledge.” He mentioned that students can best 
understand the depth of a topic by understanding how that unit fits in with the knowledge 
breadth overall. Hirsch concluded this section of his essay by writing that teachers should 
try to teach a diverse curriculum and focus depth on only some subjects. 
Around the same time that Hirsch’s article was published, Murtagh (2001) 
continued discussions present in Wright’s and Hirsch’s articles, concerning classes for 
introduction vs careers and combining breadth and depth, respectively, with an, albeit not 
totally empirical, more concrete course description. He began, like Hirsch, by stating that 
either extreme breadth or depth “represents an undesirable extreme” and blended 
elements of breadth and depth by describing an introductory computer science course that 
focused on the depth of a single aspect of computer science, computer networks, by 
including a breadth of elements. The dichotomy was blurred further by discussing in 
further depth only the elements that are central to computer science, e.g., algorithms and 
abstraction, allowing enough time for breadth. 
The input from Hirsch (2001) and Murtagh (2001) reinforce a purpose of the 
present study which is not to eliminate depth from science education but to support use of 
depth only when it is needed so as to allow for maximum breadth. 
 
Verbal Pedagogies 
The advantages to teaching breadth substantiate teaching breadth whenever 




requires it. And indeed, in order to teach such a vast number of topics, most topics cannot 
receive too much classroom time. Science education is interesting in part because not 
only does it have unique and numerous goals, but it can be taught using many different 
pedagogies ranging from verbal pedagogies, methods which do not require more work 
than speaking, such as didactic pedagogies including lecture and discussions to physical 
pedagogies, methods which require projects or other physical manipulations, such as 
project-based science and activity-driven pedagogies (Magnusson et al., 1999). 
As a high school senior described, though hands-on learning is oftentimes useful, 
sometimes, students “could just get carried away with messing around with [their] 
friends” (Nick, personal communication, November, 2015). However, because verbal 
pedagogies take up less time, they may be better suited for teaching breadth and 
incorporating physical pedagogies only when topics that need to be taught in depth could 
benefit such pedagogies. Furthermore, students learn best from different learning styles 
(Gardner, 1991), so this suggestion is not meant to establish a hard line for which topics 
to teach to students using which pedagogies, but to encourage considering student’s 
learning styles and seeking their feedback. 
Gardner’s (1991) notion of different learning styles “challenge[s] an educational 
system that assumes that everyone can learn the same materials in the same way and that 
a uniform, universal measure suffices to test student learning” (p. 13). Gardner stated: 
all human beings are capable of at least seven different ways of knowing the 
world—ways that [he has] elsewhere labeled the seven human intelligences. 
According to this analysis, we are all able to know the world through language 
[lingual], logical-mathematical analysis [logical-mathematical], spatial 
representation [spatial], musical thinking [musical], the use of the body to solve 
problems or to make things [bodily-kinesthetic], an understanding of other 
individuals [interpersonal], and an understanding of ourselves [intrapersonal]. 




called profile of intelligences—and in the ways in which such intelligences are 
invoked and combined to carry out different tasks, solve diverse problems, and 
progress in various domains. (p12, alternative names given after each intelligence 
are adapted from Carla Lane’s The Distance Learning Technology Resource 
Guide and do not replace any original text) 
 
Students with profiles of intelligences favoring lingual intelligences may learn 
best for the science education goals discussed in the present research study from verbal 
pedagogies rather than physical pedagogies. As an anecdote, the only things I remember 
from my single 9
th
 grade biology lab is that we examined onion cells and that I was bored 
by it, but I remember plenty of information from the verbal lectures given by the same 
teacher. 
The choice of learning styles used for the Survey in the present study are 
informed by Gardner (1991) and other literature (Kim, 2009, p. 485). These learning 
styles are chosen because they are particularly pertinent to teaching and other topics 
related to students’ perceptions of the learning experience as emphasized in the present 
science education study. 
Though some scientists do indeed repeat previous experiments to test their 
robustness, no scientist repeats every experiment, instead scientists “stand on the 
shoulders of giants,” taking the words of other scientists. Thus for the added benefit of 
teaching science as a process rather than just an accumulation of information (DeRosa & 
Abruscato, 2014), the value of “taking words” should be stressed. Similar to with depth, 
this study does not seek to eliminate physical pedagogies but to encourage attention to 





Just as researchers push for depth over breadth, researchers push for physical over 
verbal pedagogies (Johnson & Jones, 2006), perhaps in part because a good teacher (and 
arduous good teacher preparation) is less crucial in a classroom in which students are 
making their own discoveries than in a classroom in which a teacher is lecturing, and, 
likewise, effective use of verbal pedagogies forces the teacher to understand the students 
(requiring more professional development such as reality pedagogy [Emdin, 2016]) rather 
than just forcing the students to try to make it interesting themselves. Physical pedagogies 
can be useful, but the recommendations to use them exclusively, so often, or at the 
expense of verbal pedagogies and breadth may support my suspicion that perhaps breadth 
is being abandoned because teaching breadth requires verbal pedagogies, teaching verbal 
pedagogies requires trust, and trust requires training teachers how to interact with 
students, a difficult procedure. Yet, changing Eisenhart factors is like the movement of 
changing the hardware of a toothbrush by adding ridges, fancy bristles, etc. rather than 
teaching people how to brush their teeth, i.e., teaching teachers how to interact with 
students. Just as fancy toothbrushes do not make up for bad brushing habits, fancy 
pedagogies do not make up for improper interactions. Furthermore, using physical 
pedagogies exclusively marginalizes students who learn better from verbal pedagogies, 
e.g., listening to the teacher lead a class. 
Furthermore, Christopher Emdin pointed out that “an age-old model is not 
fundamentally flawed because it’s older” and that not every topic needs to be inquiry-
based (C. Emdin, personal communication, March 9, 2015). Thus, though verbal 
pedagogies are older than physical pedagogies, there is nothing inherently wrong with 




As the input from Hirsch (2001) and Murtagh (2001) reinforces the notion not to 
eliminate depth from science education but to support use for depth only when it is 
needed so as to allow for maximum breadth, the input from Emdin (2015), reinforces the 
notion not to eliminate physical pedagogies from science education but to support use for 
physical pedagogies only when it is needed so as to allow for maximum verbal 
pedagogies to allow for maximum breadth. 
 
Verbal pedagogies and science education goals. For conceptual-change to 
occur, new ideas must be seen as irreconcilable with old ideas and be seen as intelligible, 
initially plausible, and fruitful (Hewson & Hewson, 1984). Perhaps irreconcilability and 
plausibility may be achievable by using physical pedagogies—seeing is believing—but 
for students who learn better from verbal-methods, perhaps all four aspects (as well as 
saving time) may be achieved by taking the teachers word. So too, achieving learning 
classroom science overall, science literacy and future science may be achieved with 
aspects of verbal pedagogies including discussions, lectures and motivation, though the 
added element of trust may be necessary for such effects. Potential effects of trust on 
each science education goal are discussed in the next subsection. 
 
Trust 
The term trust is defined as “reliance on the integrity, strength, ability, surety, 
etc., of a person or thing; confidence” (trust, 2017) and has been defined or applied 
similarly but in varied manners in various literatures (Kurnianingsih et al., 2012, pp. 86-




reliance students have that their teachers possess a certain attribute or will perform a 
certain action. 
“The need for trust arises from our interdependence with others” (Lewicki & 
Tomlinson, 2003, emphasis not added). With physical pedagogies, students are able to 
confirm the veracity of the content by actually seeing a phenomenon (seeing is 
believing), leading to less interdependence with the teacher and consequently a 
diminished need for trust. However, with verbal pedagogies, the only sources of the 
information are the textbook, classmates, or usually the teacher, and thus interdependence 
with the teacher is high (taking the teacher’s word), meaning students must trust their 
teachers for verbal pedagogies to be effective. Teachers’ trust in students is beyond the 
scope of this research study but can be found in Van Maele and Van Houtte (2011). 
Moreover, the need for trust-in-teachers is more profound when using verbal pedagogies 
as there are more interactions with teachers than when physical pedagogies are used. 
Therefore, being able to teach breadth to students of any learning style by using 
verbal pedagogies and still achieve students’ recognition, comprehension, and 
conceptual-change is assisted with students’ trust in their teachers, a requirement that so 
many teaching preparation programs and educators neglect, instead focusing on 
minimizing the necessity of teachers and changing teaching requirements rather than on 
the perhaps more difficult task of changing teachers themselves. Trust-enhanced verbal 
pedagogies are similar to trust-based teaching (Seyfried, 2014), but have the added 
dimension of specifically being used with verbal techniques. 
Using trust to effectively use verbal pedagogies is also important when not only 




student’s trust in teachers is a major element missing from many classrooms, leading to 
the disengagement described in the beginning of this research study. The trust that 
students have in their teachers is an important factor in the effectiveness of students’ 
education. 
Bolstering these claims, in his Memoir of a Disengaged Student, now educator 
Joseph Matthews (2015) reflected on his school years and what factors led to his brief 
engagement and lengthy disengagement, writing: 
   Much of my perspective has very little to do with academics but everything to 
do with relationship building, and how the academic approaches that were void of 
relationship failed me in the past as they are currently failing students today. 
During this age when test scores are the barometer by which we measure student 
achievement, it is important that we not forget the most basic skill needed to teach 
a student. Trust. Before there can be learning there must be trust. It is through 
trust that we have had the greatest impact on students. This underrated quality, 
more than any other approach, has given many educators the space to engage 
students and inspire them to learn. It has also been the lack of trust that has 
contributed to many teachers not fully getting through to their students. In order to 
truly touch our student’s hearts, we must allow them to first feel our hearts. As 
with any healthy relationship, humility and vulnerability must be present. When 
these are present we create spaces for transformative learning to take place, and it 
is through these mode that we become better learners of our students while 
simultaneously becoming better teachers to them. (pp. 4-5) 
 
Matthews also added that “[i]n any other relationship, we need communication 
and trust in order to be successful in that relationship. Teachers’ relationships with their 
students are no different” (pp. 134-135) and “[i]f there is no trust there can be no growth” 
(p. 144). Though classifiable as anecdotal, these statements are common sense once 
stated. Furthermore, Matthews supported many of his observations and recollections with 
research. One example is his referencing Dobransky and Frymier (2004) who showed 




memoir not only provided scholarly references, but the actual recollections of a 
“Disengaged Youth.” 
Dobransky and Frymier (p. 212) further mention that Millar and Rogers 
(1976) ”describe relationships in regards to the way control is shared, the level of 
intimacy, and the amount of trust” and that “[“the dimension of trust” is an] important, 
however sometimes less evident element in the interpersonal teacher-student 
relationship.” Several other studies discuss the importance of this “less evident element” 
in effective education. 
“Underlying all significant learning is the element of trust” (Brookfield, 1990). 
Furthermore, good student-teacher relationships can lead to trust and fewer discipline 
issues (Gregory & Ripski, 2008) and Kohn (1990) wrote about the importance of care, 
citizenship, trust, respect, and responsibility in promoting prosocial behavior among 
students. Trust was positively correlated with “school adjustment, academic motivation 
and performance” (Lee, 2007, p. 209), but “[l]ow levels of trust will eventually lead to 
difficulties for students to absorb the lessons delivered by the teachers” (Kurnianingsih et 
al., 2012, p. 86). Fried et al. (2015) wrote “[I]f a teacher’s relationship with students is 
defined by caring and trust[,] the teacher’s beliefs about learning may change and 
develop through a deep understanding of the students.” If a teacher is this attentive and 
sensitive to hir
1
 students’ needs, it is very likely that hir students will reciprocate with 
respect and will be more likely to engage. 
There are different types of trust students can have in their teachers, for instance 
students might trust that their teachers are knowledgeable of the content, but they can 
also separately trust them as good people (J. Novetsky, personal communication, June, 
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2016). Though Novetsky’s point was anecdotal, empirical research does exist about his 
notion, as described in the following subsection. 
 
Kurnianingsih et al. To answer the question “What factors influence trust to 
teachers?” (p. 86), in 2012, Kurnianingsih et al. gave 291 high school students in 
Indonesia open-ended questionnaires asking them why they trusted their teachers. 
Responses were grouped into nine themes, seven of which were comprised by smaller 
categories. Attention is given to their findings as they ultimately sculpted the 
methodology of the present study. In order of frequency of affiliation, the nine themes 
were teachers’ [being seen] as parents, transferring knowledge (comprised of transferring 
knowledge and making us clever), role (comprised of role of teacher and role model), 
guidance (comprised of giving direction, and not leading astray), expertise (comprised of 
teacher being an intelligent expert, competent, knowledgeable, educated, older, and 
experienced), character (comprised of teacher being honest, reliable, kind-hearted, 
responsible, helpful, and having character), support (comprised of expecting the best and 
giving the best), meritorious service (i.e., not expecting anything in return), and 
emotional relationship (comprised of teacher understanding, trusting, and being close to 
students). In much of the remainder of the present research study, these nine themes are 
referred to as trust factors. The Kurnianingsih et al. study “implies that the significance 
expectation of the students towards their teachers needs to be conveyed to teachers 
strongly, so that the trust and the impact of education as results from a solid quality of 
interaction between teachers and students, having a strong foundation of trust, can be 
maintained and even improved” (p. 92). The difference in frequency of students’ 




relationship expecting to trust a teacher, but do not necessarily expect to share control or 
have a close relationship with their teacher” (Dobransky & Frymier, 2004, p. 220). 
A Google Scholar search showed that Kurnianingsih et al. (2012) has been widely 
recognized and cited. The first citation was by Cortina (2013) who interviewed 26 
educational leaders for a case study dissertation about which factors helped a private 
school in Canada become established and succeed, and in the dissertation mentioned that 
Kurnianingsih et al. “stated the importance of teachers’ earned trust in their ability to 
guide students in their learning activities” (p. 155). Later that year, in a 44-participant 
quantitative article about the relationship between trust in teachers and learning 
motivation of street children in a special region of Indonesia, Amalina et al. (2013) stated 
that Kurnianingsih et al. “emphasized that teacher’s failure to meet the role lead to 
distrust in teacher, and as a consequence, process of building students’ trust will be 
distracted. Low level of trust will eventually stimulate student difficulties to well-
understand the lessons delivered by the teacher (p. 45).” The following year, in a 798-
participant quantitative article about whether moral or authoritative leadership is better 
for Pakistani universities’ faculty members’ affective and continuance organization 
commitment and citizenship behavior, Afsar (2014) indirectly cited Kurnianingsih et al. 
by remarking that “Paternalism is a prevailing cultural trait of conventional eastern 
societies such as China, Japan, India, and Korea” (p. 795). The next year, in a 16-
participant qualitative study about influence of teachers on results on a standardized 
college entrance exam in China, Tsegay and Ashraf (2015) wrote that “According to 
Kurnianingsih, et al., the quality of teachers determines the quality of teaching-learning 




their learning outcomes” (p. 69). The next year, in an 18-participant quantitative study 
about relationships “between servant leadership, classroom climate, and student 
achievement in a” (p. v) Catholic college in the United States, Mulligan (2016) wrote that 
“[Kurnianingsih et al.] confirmed the importance of [servanthood] in education” (p. 37) 
and “confirmed the importance of [developing others] in education” (p. 39). The next 
year, in an 18-participant qualitative study about experiences of students of low socio-
economic status who exceled on the Chinese National College Entrance Exam, Liu wrote 
that Kurnianingsih et al. showed that “teachers play a significant role in students’ 
academic success” (p. 61), “[t]he quality of teachers decides the quality of the teaching-
learning process in classrooms, which will have an impact on the students’ learning 
effectiveness and their learning outcomes,” (p. 61) and “ high achieving schools normally 
have more high performing teachers who can enhance the quality of the teaching-learning 
process and class interaction, and eventually influence the quality of student learning 
outcomes” (p. 71). 
Though Kurnianingsih et al. has been cited for varied purposes six times (at the 
time of the writing of this dissertation) throughout five consecutive years in studies of 
different methodologies around the world, the study’s breakdown of specifically why 
students trust their teachers has not been cited. At one point, “[s]tudent trust in teacher 
authority ha[d] received little attention, notwithstanding the theoretical and empirical 
focus on trust between school staff and school administration…teachers and 
parents…[and] teachers and their principals, colleagues, and parents at the elementary 
school level” (Gregory & Ripski, 2008, pp. 339-340). Since Gregory and Ripski wrote 




research concerning the importance of trust in science education is found wanting. This is 
particularly true in regards to connecting science education goals to factors of why 
students trust their teachers, as illustrated by the absence of citations regarding the trust 
factors of Kurnianingsih et al., but the present study plans to build upon these trust 
factors. 
 
Potential Influences of Trust on Science Education Goals 
The past few subsections of the literature review justify that trust can enable 
verbal pedagogies which can enable broad science education which can enable the 
achievement of science education goals (trust→verbal→breadth→goals). Rather than try 
to reconstruct the trust→verbal→breadth→goals conduit, this study seeks to gain insight 
into perceived interactions of trust and science education goals directly by having a 
notion of which trust factors may be useful for achieving particular science education 
goals for different learning styles and ages, to further justify necessitating teachers learn 
how to gain their students’ trust, as well as allow for insight in future analysis of the 
trust→verbal→breadth→goals conduit. Much of the literature review dealing with how 
both breadth and verbal pedagogies may interact with science education goals may be 
transferable to understanding how trust factors may directly interact with science 
education goals as some rationales for the breadth→goals and verbal→goals conduits 
may be applicable to specific trust factors as well. 
This subsection postulates how trust overall may interact with each of the science 
education goals studied in this research study. As research concerning the importance of 
trust in science education is found wanting, much of this subsection is anecdotal. A 




added]. And as to not influence my structuring of the Survey/Questionnaire or any initial 
analysis, I do not discuss how individual trust factors may influence science education 
goals until the Discussion chapter. For a discussion of the role each trust factor plays in 
trust, the reader is directed to Kurnianingsih et al., 2012. 
 
Trust and learning classroom science. Student-teacher relationships affect the 
extent of the success of conceptual change. Sinatra (2005, p. 10) cited Pintrich et al. 
(1998) who found interest, self-efficacy (one’s beliefs in hir own capability), and 
importance to be motivational factors to influence conceptual-change. Sinatra expounded 
citing Pintrich (1999) who proposed that students’ affective characteristics such as 
interest and importance create a “self-generated context” that increases attention, 
persistence, and knowledge and strategy activation to create the context for conceptual-
change. 
A dull teacher may not be able to increase any of these factors in students, and a 
dull lab session may only raise self-efficacy if the experiment works out; however, in my 
own experience, in my own college labs and the labs I taught my former undergraduate 
students in genetics and biology, we spent a decent amount of time wondering and 
writing about why we thought the labs did not go as planned. At least one of my students 
mentioned that labs not providing the same results as lecture was disheartening. 
However, a great teacher using purely-verbal pedagogies could increase hir students’ 
interests, self-efficacy, and perception of importance of content with trust if the trust 
leads to greater engagement as described earlier. 
Kohn (1990) wrote about the importance of care, citizenship, trust, respect, and 




students respect and care for each other allows for honest discourse, enabling students to 
discuss misconceptions, allowing for conceptual-change and overall learning classroom 
science. 
 
Trust and science literacy. Another purpose of science education is to create 
science-literate citizens, people who can understand current event issues and become 
informed voters (Eisenhart et al., 1996; Lee, 1997). No matter how exhilarating a 
problem-based, hands-on lab might be, getting a point across, e.g., that pesticides are 
depleting the population of native invertebrates, may be most effective if a teacher whom 
students trust simply says it. A teacher can highlight the importance of content by 
building enough trust that a student takes the teacher’s word about the importance. Trust 
is dire for this kind of communication however. “[G]eneral impediments to public 
engagement with climate-change science [includes] trust in communicators” (Kahan et 
al., 2012, p. 734) and indeed a lack of trust can interfere with internalizing any other 
science literacy topic enough to spur science literacy. 
 
Trust and future science. The third science education goal studied in this 
research study is pursuit of science in higher education or careers (Froschauer, 2015; 
Woodruff, 2013; Wright, 2000). Anecdotally, Matthews (2015) wrote in his memoir that 
the teacher with “[w]ords [that] have never rung so true to [him]” helped induce “a major 
turning point in [his] life and educational path” (p. 182). Kurnianingsih et al. (2012, p. 
85) noted that trust is further needed in order to encourage students to pursue higher 
education as it is only when trust is present that students feel free enough to pursue more 




positive relationship, whether they are romantic partners or strangers (Maister & Tsakiris, 




“There is evidence that whilst many children are excited and enthused about 
science during their primary education, something happens at the beginning of secondary 
education to de-motivate them in terms of an interest in science. It does not matter how 
their later secondary experience is developed, if children are de-motivated before they 
reach this point” (Wright, 2000, p. 188). While it is unclear if age or a switch to 
secondary school culture causes this demotivation, in a cross-sectional study, “an 
observational study in which the exposure and the outcome are determined at the same 
time point for each study participant” (Pandis, 2014), Sutter and Kocher (1998) found 
that in a game-theory-style game, “trust increases almost linearly from early childhood to 
early adulthood” (p. 364). Thus, there may be interactions of motivation, trust, and age. 
Further understanding interactions of trust with age is a goal of the present study and, like 
Sutter and Kocher, the present study is a cross-sectional study of youth and their trust. In 
this study, school grade level tiers (grades 7-8, 9-10, and 11-12), hereafter simply 
referred to as “tiers,” are used as a proxy for age. While there is a chance of a student 
having been left back or pushed ahead, it is uncommon enough to not have major 







Women and Science 
Science education is not only interesting because of its unique goals and 
pedagogies but because of expectations of women who are interested in science. 
Madalaine was outspoken when she wrote her message across her school’s auditorium’s 
white board, and though women are more empowered now than they have been 
historically and are no longer encouraged to go into a select few careers such as teaching 
(L. Kestenbaum, personal communication, August, 2017), women are still often times 
expected to be docile (Emdin, 2016, p. 66) and women may be discouraged from science 
even if they are technically allowed to pursue it. Though further understanding 
interactions of trust with age is a goal of the present study, limiting the study to just 
female participants not only makes the study more robust by limiting a variable, but also 





Modern educational research commonly draws from a broad range of theoretical 
perspectives that are presently not fully integrated into a coherent more generalized 
theory. However, such logically interrelated theoretical perspectives can provide a useful 
bricolage to guide educational research. The term “bricolage” has multiple definitions 
including “a construction made of whatever materials are at hand; something created 
from a variety of available things” and based upon the former definition, “the use of 
multiple, diverse research methods” (bricolage, 2017). Denzin and Lincoln (2000) 
elaborate upon the application of bricolage in research, explaining that the term is used to 




necessary new tool or technique (p. 4). Bricolage was used to piece together the 
theoretical perspective for this research study as well as the description of the 
marginalization the perspective seeks to disrupt. 
 
Juvenile Marginalization 
First, the marginalization of youth is presented as a context for defining Juvenile 
Marginalization (JM)
2
. Marginalization occurs when an individual or a group is pushed 
peripherally. For either scenario, a quotation by Adrienne Rich that describes 
marginalization well is “When someone with the authority of a teacher, say, describes the 
world and you are not in it, there is a moment of psychic disequilibrium, as if you looked 
into a mirror and saw nothing.” I posit that there is a marginalization which I call 
Juvenile Marginalization (JM) and I define it specifically as the marginalization of youth 
as worthless because of their age. (The history of this term is discussed in footnote 
2
 and 
it is a unique marginalization as it is linked with a specific theoretical perspective.) JM 
implies that competence comes by passing a certain threshold of days alive rather than 
experience or personal growth. Rich’s quotation is particularly applicable to JM because 
young students can be subject to JM from their teachers.  
JM is interesting for a number of reasons. The first is that while some groups are 
marginalized de facto but live in a society in which such marginalizations are outlawed 
de jure, youth are marginalized de facto and de jure. As aforementioned, women may be 
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 I have referred to Juvenile Marginalization as Juvenile Floccinaucinihilipilification (JF) in my previous 
unpublished work and YouTube activity (https://www.youtube.com/watch?v=BNrZMBqJf30). The term JF 
is more fitting, as floccinaucinihilipilification (pronounced [flok-suh-naw-suh-nahy-hil-uh-pil-uh-fi-key-
shuh n]), an amalgamation of Latin words meaning valueless, is defined as “the estimation of something as 
valueless” (floccinaucinihilipilification, 2015), and so JF is literally the marginalization of youth as 
worthless because of their age. Likewise, I have referred to Juvenile Marginalization Perspective as 
Juvenile Floccinaucinihilipilification Perspective (JFP). Though not as descriptive as JF and JFP, in the 




discouraged from science even if they are technically allowed to pursue it, but youth are 
devalued and actually told by the law that they cannot vote etc. Both the de jure facto and 
de facto marginalizations of JM are encouraged when phrases such as the following are 
used: “older and wiser,” “just a kid,” “I know you’re all adults.” The notion of “older and 
wiser” extends past age 18 and even people above this age can be marginalized by people 
older than they on the sole premise of being younger than the marginalizer. Such 
marginalization is exacerbated with terms such as “those millennials” (L. Kestenbaum, 
personal communication, October, 2017). JM is exacerbated, as well, from a young age 
when babies’ cheeks are pinched before they can give consent and when they age and 
voice opposition but their cheeks are still pinched. Secondly, everyone is born as a non-
adult and is liable to be marginalized as such, thus this marginalization affects everyone. 
Thirdly, age changes and everyone who lives long enough ages out of this marginalized 
category. This temporary status may justify JM in some peoples’ minds, e.g., “Ze’ll3 be 
an adult soon and will be able to enjoy these liberties, so it’s O.K. if we keep treating hir 
like this.,” but for youth, being marginalized matters very much. 
When JM is suspected, youth may alienate the person who allegedly engaged in 
JM, becoming hostile to the teacher and to learning by becoming disengaged (Emdin, 
2011). Madalaine’s opening whiteboard quotation may remind us how we once felt as 
youth subjected to JM. Whereas entire college courses are taught about other 
marginalizations, JM is hardly addressed. In a video (Vivala, 2017), when trying to claim 
that societal norms were sexist and “insensitive” because it is, allegedly, socially 
acceptable to call a female a “girl,” but not call a male a “boy,” the proponent brushed 
JM under the rug implying that the using the terms “girl” and “boy” instead of “woman” 
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and “man” is derogatory and insensitive and that that youth are inferior to adults. 
Supporting the proponent and adding to the JM, a comment response to the video stated 
“These girls in here acting like it ain’t that serious, yall can be treated whatever way you 
want, I’m with her, don’t diminish me to a child. I’m a grown woman and you damn sure 
better give me the respect I deserve.” 
The lack of attention that JM receives is not new. Marginalizations are initially 
treated as the norm until resistance shows otherwise. The remainder of Rich’s quotation 
summarizes the process. “Yet you know you exist and others like you, that this is a game 
done with mirrors. It takes some strength of soul — and not just individual strength, but 
collective understanding — to resist this void . . . and to stand up, demanding to be seen 
and heard.” This resistance can guide research through a transformative theoretical 
perspective. 
 
Juvenile Marginalization Perspective 
A theoretical perspective is “the philosophical stance informing the methodology 
and thus providing a context for the process and grounding its logic and criteria” (Crotty, 
1998, p. 3) and explains the assumptions and biases that are brought to one’s 
methodology (p. 7) and “study’s findings as well as the analysis, interpretation, and 
synthesis of these findings” (Bloomberg & Volpe, 2008, p. 61). Whether in science 
education or any other field, knowledge is passed from people higher up on a hierarchy to 
those lower down on it (Carlone & Webb, 2006). Transformative frameworks, such as 
critical inquiry, feminism, and postmodernism (Crotty, 1998, p. 5) assert that knowledge 




groups for reform by involving the groups in aspects of the research process such as 
writing questions and sculpting the final report (Creswell, 2013, pp. 25-27). 
In this research study, I use a framework I call Juvenile Marginalization 
Perspective (JMP). JMP is a transformative framework trying to disrupt JM by 1) 
asserting that JM occurs, 2) seeking input from youth, and 3) encouraging mentally 
positioning oneself as a youth to recognize when JM may be suspected in order to 
minimize or prevent alienation and disengagement. It is with the lens of JMP that I 
interpret interactions including those affecting youth. To demonstrate application of JMP, 
the next two paragraphs contain some insights that JMP enables. 
Age does not make adults more human than youth. The same way that there is a 
push to not call people “disabled,” but “differently-abled”—e.g., as people with Down’s 
syndrome are not inferior, but stronger and kinder than people without Down’s 
syndrome—JMP argues that generalizations that oftentimes denounce youth should not 
be seen as disadvantageous but as potentially worthwhile differences, e.g., 1) as youth 
were born with a different perspective than adults, youth have much to share 2) as they 
have been exposed to fewer years of influence, youth may be less biased, making more 
logical decisions at times, and 3) the characteristic of youth acting out before thinking 
through things extensively may not be a reflection of a lack of control, but rather the 
presence of passion. 
Ironically, poor environmental choices more greatly affect those under rather than 
above 18 years of age as the younger bracket likely will live beyond the older bracket 
into a more-negatively-impacted environment; however, youth’s voices are not 




basis rather than drawing an arbitrary line between youth and adults at age 18. Though 
overall, trust differs with age (Sutter & Kocher, 1998), it is incorrect to assume 
competence or incompetence because of age. Though adolescence used to be considered 
to end at age 18, brain development has been said to continue through the mid-twenties 
and early thirties for some people (Helps, 2013). Studies have found that formal 
operations, the ability to use hypothetical thinking and logical reasoning beginning at age 
12-15, are not used by one third to 60% of adults (Petersen & Crockett, 1986, pp. 151-
152). If 50% of both adults and teens do not formal operations, then half of the teen 
population is more logical than half of the adult population. Furthermore, adults may tend 
to only use formal operations in their domains of comfort (Fischer & Bidell, 2006, pp. 
343-344). Therefore, adults who criticize youth for being interested in limited activities 
need to consider their own limited performances. Perhaps the distaste for youth stems 
from jealousy and fear of them, as, in A Separate Peace, Gene Forrester ruminates and 
makes the only mention of the term “adult” in the book: 
   Sixteen is the key and crucial and natural age for a human being to be, and 
people of all other ages are ranged in an orderly manner ahead of and behind you 
as a harmonious setting for the sixteen-year-olds of this world. When you are 
sixteen, adults are slightly impressed and almost intimidated by you. This is a 
puzzle, finally solved by the realization that they foresee your military future, 
fighting for them. You do not foresee it. (Knowles, 2015, p. 37) 
 
 
Juvenile Marginalization Perspective and This Study 
Bricolage was used to invent the terms JM and JMP, but they are grounded in the 
application and/or combination of preexisting concepts and fulfill the requirements of a 
marginalization and theoretical perspective, respectively. Though youth are different 




marginalized as other groups are. Defending the veracity of JMP is a little more 
complicated. 
Theoretical perspectives affect how we do research and JMP affects how I do 
research. JMP influenced a focus of this study, understanding effects of different learning 
styles, explained as follows: JMP argues that it is bad enough that adults have the choice 
of careers, or, if they remain in school, choice of college, major, and electives while 
juveniles are restricted to school with few choices, but when juveniles are restricted from 
choosing methods of how they are taught, the impression given off is that teachers think 
all young students think the same because they are undeveloped, undifferentiated, and 
unaware of how they best learn. “However, students also have power in the classroom” 
(Dobransky & Frymier, 2004, p. 212). Thus JMP maintains that students need to have a 
say in how they are taught and, in line with Gardner (1991), multiple options need to be 
offered. 
JMP also guided the selection of the literature on which to focus for influencing 
this study; particularly, I was drawn to Matthews’ (2015) memoirs as he recalled his 
youth and to the Kurnianingsih et al. (2012) study as student participants’ voices were 
used in formulating the list of trust factors. JMP is also incorporated into the following 
justification subsection of this research study as with it, we understand that following the 
recommendations that youth make regarding their education may make students more 
likely to engage and achieve science education goals if the youth realize that educators 
are listening to their perceptions and feedback and that these recommendations should 
have some predictive value as the ones who best know what would motivate students to 




perspectives “[inform] the methodology” (Crotty, 1998, p. 3) and as shown in the 





This research study does not seek to provide a definitive prediction of which 
science education goals will be affected by changing which trust factors. Rather, this 
study seeks to provide suggestions for which trust factors could be ameliorated to 
potentially achieve certain science education goals. The words “cause” and “affect” are 
not used in relation to the relationship between trust factors and science education goals, 
rather the phrases “perceived interaction” or “perceived to interact” are used. The 
phrasing in the Survey reflects this distinction: participants were not asked “How likely 
would you be to…if…” but rather “How likely do you think you would be to…if….” 
Even if their recommendations may not be highly predictive from the start, following the 
recommendations that youth make regarding which trust factors are perceived to interact 
which science education goals may make students more likely to engage and achieve 
science education goals if the youth realize that educators are listening to their feedback. 
Furthermore, ceteris paribus, their recommendations should have some predictive value 
as the ones who best know what would motivate students to achieve science education 









The following research questions were addressed: 
1. For the overall sample, which factors influencing students’ trust in teachers are 
perceived by students as influencing science education goals? 
2. For the overall sample, what are the rank-ordered relationships of the interactions 
when analyzed within columns of the Shade Report to determine the relative 
importance of trust factors within science education goals? 
3. For the overall sample, what are the rank-ordered relationships of the interactions 
when analyzed within rows of the Shade Report to determine which science 
education goals are most influenced by which trust factors? 
4. For students of different ages, which factors influencing students’ trust in teachers 
are perceived by students as influencing science education goals? 
5. For students of different ages, how are different trust factors perceived by 
students as interacting with different science education goals? 
6. For students of different learning styles, which factors influencing students’ trust 
in teachers are perceived by students as influencing science education goals? 
7. For students of different learning styles, how are different trust factors perceived 










This study’s participants consisted of 13 students in grade 8, 23 students in grade 
9, and 38 students in grade 12 in an all-girls yeshiva in the NY Metropolitan area and 22 
students in grade 7 in a co-ed yeshiva in the NY Metropolitan Area, totaling 96 female 
students. A yeshiva is generally a Jewish private school that features a dual-curriculum: 
the day is split between Judaic and secular studies. Aside from some 12
th
 grade students 
who did not take science, the students in the single-sex yeshiva had female science 
teachers and the students in the co-ed yeshiva had a male science teacher. Participation in 
this study was voluntary with no compensation. Though I knew perhaps at most five of 
the participants, my relationship with the students I knew was not enough to cause any 
appreciable changes in recruitment or the overall responses of the participants. 
 
Measures and Data Collection 
In line with JMP, this study asked students for their feelings regarding their own 
science education. Specifically, this study used a survey methodology, in particular, a 
two-part survey (Appendix B): part I is a Student Response Survey with 27 Likert items 
and part II is a Student Opinion Questionnaire with one Likert-type item, one multiple-
choice question, and one one-word fill-in question. As alluded to in the theoretical 




modeled around the feedback given by high school participants in the Kurnianingsih et 
al. (2012) study. 
Surveys/questionnaires with the same answer selected for every item on the 
Survey’s second page (items 10-18) and the same answers for every item on the Survey’s 
third page (items 19-27) were excluded as it seemed that such participants were just 
fatigued and did not put thought into answering these two pages. Six 
Surveys/questionnaires were excluded for this reason. However, if students answered the 
same answer for every item on just page 3, the survey/questionnaires was included as this 
question asked how likely they thought they would be to pursue future science and it is 
feasible that someone who is very excited about pursuing science in college would check 
off she is very likely to pursue science regardless of the trust factor. However, it seems 
less likely that someone would check off the same response for every item when asked 
about perceived likelihood to become science literate (page 2 of the Survey). 
Furthermore, two other surveys/questionnaires were excluded as less than half the 
questions were answered. The number of participants listed in the above Participants 
subsection reflects the number of surveys/questionnaires after exclusions were made. 
 
Data Analysis 
The analyses in this study include χ2 tests and cross-comparative descriptive 
analyses including verbal analyses of the patterns as well as descriptive statistics such as 






Creating Entries and Running a χ2 Test on Data of the Composite Shade Report 
A Shade Report is a grid-like chart that summarizes data from the Student 
Response Survey (Appendix B). The Composite Shade Report contains data from every 
item from every participant. The organization and purpose of the Survey are described 
more fully below. The first 27 items of the Student Response Survey asked students to 
judge how likely they thought they would be able to achieve a specific science education 
goal if a specific trust factor was present. Science education goals were learning 
classroom science, future science, and science literacy. Trust factors were teachers’ being 
seen as parents, transferring knowledge, role, guidance, expertise, character, support, 
meritorious service, and emotional relationship. 
Available choices of answers were “very unlikely,” “unlikely,” “likely,” and 
“very likely.” The first step of data analysis was to obtain frequencies for each of the four 
responses to each of these 27 items and enter them into a grid with cells numbered 1-27 
(Appendix C) visually representing the cross-tabulation of student response frequencies 
for the science education goals by the trust factors. For example, examine the top left-
hand response cell (cell 1) in the grid (Appendix C), corresponding to the item “It is ____ 
that I better understand scientific ideas with teacher’s explanations if I view teacher as a 
parent.” This cell states “48, 72, 38, 22” to indicate that 48 students felt that such an 
interaction would be very unlikely (and in essence, the missing term in the example 
sentence should be “very unlikely”), and 72, 38, and 22 student felt that the interaction 
would be unlikely, likely, and very likely respectively. 
Next, the frequency of responses was coded into truncated dichotomous positive 




“likely” and “very likely” responses were obtained and labeled as (+). Then the total 
frequencies for the “unlikely” and “very unlikely” responses were totaled and labeled as 
(-). These are recorded on the grid (Appendix C) as values within brackets. For example, 
within the top left-hand response cell in the grid, the second row states “[120 (-), 60 (+)]” 
to indicate that 120 students felt that the interaction would be either very unlikely or 
unlikely, and 60 students felt that the interaction would be either likely or very likely. 
Next, χ2 tests were conducted for each of the 27 cells (representing student 
responses to each of the 27 initial items in the Student Response Survey) to determine if 
there was a statistically significant difference in the frequencies of the two truncated 
responses, e.g., those in the top left-hand response cell (120 and 60). The alpha level was 
set to 0.05. Then, the results of the χ2 test were added to the final two rows of each cell. 
For example, the bottom two rows of the top left-hand response cell contain the entry “χ2 
(1, N = 180) = 19.339, p < 0.001.” This result indicated that the two frequencies were 
sufficiently different to conclude they are not due to chance with a highly statistically 
significant p value and therefore, we can assume that the truncated values are sufficiently 
different to be considered worth analyzing further. Each cell which had a statistically 
significant difference in response frequencies was shaded and non- statistically-
significant cells were left unshaded. Hence, a grid such as the one shown in Appendix C 
is called a ‘Shade Report.” 
 
Protocol for creating entries and running a χ2 test on data of a Shade Report. 
The following list of steps explicitly explains how data are collected, reduced, and 




1. Obtain the responses of the sample of students to each of the items in the 
Student Response Survey. 
2. For each item, record the frequency of each of the four response options: very 
unlikely, unlikely, likely, very likely. 
3. Transform the response data into truncated dichotomous responses: (-) or (+), 
i.e., the frequency of negative responses (those in the very unlikely or unlikely 
category designated with a minus sign) and the frequency of positive 
responses (those in the likely or very likely category designated with a 
positive sign). 
4. Enter this data for a given cell into the appropriate cell in the Shade Report, 
listing the cell number (1-27) and frequencies of each of the four response 
options in the first row, and the number of (-) and (+) truncated responses in 
the second row. 
5. Run a χ2 test on the truncated data in each Shade Report cell, i.e., use a χ2 test 
to determine if there is a statistically significant difference in the frequency of 
the two truncated responses in each cell of the Shade Report grid. 
6. Shade the cells that have a statistically significant difference in the (-) and (+) 
frequencies. All statistically significant cells that have more (+) responses 
should be shaded a lighter shade (indicating that these cells are “(+) shaded 
cells”) and all statistically significant cells that have more (-) responses should 
be shaded a darker shade indicating that these cells are “(-) shaded cells”). 
(The Composite Shade Report for this study had no cells classified as (-), thus 




Vertical and Horizontal Analyses 
Analyses were conducted to compare statistically significant cells vertically 
within columns (to test importance of trust factors within science education goal) and 
horizontally within rows (to test which science education goals were most influenced by 
which trust factors). The Summary Shade Reports that were made to facilitate these 
analyses are shown in Appendixes D and E, respectively. The protocols for making these 
Summary Shade Reports follow. After making these vertically- and Horizontally-ranked 
Summary Shade Reports, any trends found during analysis were described in a narrative. 
 
Protocol for creating a Vertically-ranked Summary Shade Report. The 
following list of steps explicitly explains how to make a Vertically-ranked Summary 
Shade Report to summarize and rank importance of row factors (trust factors) within 
column factors (science education goals). See Appendix D for an example. It is 
referenced in the protocol steps below. 
1. Make a copy of the Composite Shade Report using an appropriate word 
processing application. 
2. For each response cell, retain the cell numbers (1-27) and replace all other 
information with the percentage of respondents who agree with the 
interaction, i.e., the number of (+) respondents divided by the number of 
respondents. The shading pattern of the corresponding non-summarized Shade 





3. Make a copy of this Unranked Summary Shade Report, i.e., the Summary 
Shade Report with only one row of data per cell. It is subsequently used to 
make the Horizontally-ranked Summary Shade Report. 
4. On the initial Summary Shade Report (Step 3), boldface the remaining column 
headers designating the subsequent ranking will be vertical, i.e., within 
columns. 
5. On this Summary Shade Report, for the first column, rank the more darkly 
shaded (+) cells in order of the percentage of (+) responses they have (within 
the cell) and insert the rank number within braces in the second row of the 
respective cell, i.e., the (+) shaded cell with the highest number of (+) 
responses should be ranked {1}, the second highest {2), etc. (See the example 
in Appendix D.) 
6. Repeat this process for any remaining columns. 
7. (Steps 7 and 8 were not performed in this research study as no cells were 
classified as (-).) For the first column, rank the less darkly shaded (-) cells in 
order of the percentage of (-) responses they have (within each cell), as was 
done for the (+) shaded cells, i.e., the (-) shaded cell with the highest number 
of (-) responses should be ranked {-1}, the second highest {-2) and this rank 
number should be added as in step 6. 
8. Repeat this process for any remaining columns. 
9. Cells which are not statistically significant are not ranked. The Summary 





Protocol for creating a Horizontally-ranked Summary Shade Report. The 
following list of steps explicitly explains how to make a Horizontally-ranked Summary 
Shade Report to summarize and rank which column factors (science education goals) are 
most influenced by which row factors (trust factors). See Appendix E for an example. It 
is referenced in the protocol steps below. 
1. On the extra copy of the Unranked Summary Shade Report, boldface the 
remaining row headers designating the subsequent ranking will be horizontal, 
i.e., within rows. 
2. On this Summary Shade Report, for the first row, rank the more darkly shaded 
(+) cells in order of the percentage of (+) responses they have (within each 
cell) and insert the rank number within braces in the second row of the 
respective cell, i.e., the (+) shaded cell with the highest number of (+) 
responses should be ranked {1}, the second highest {2), etc. (See the example 
in Appendix E.) 
3. Repeat this process for any remaining rows. 
4. (Steps 4 and 5 were not performed in this research study as no cells were 
classified as (-).) For the first row, rank the less darkly shaded (-) cells in 
order of the percentage of (-) responses they have (within each cell), as was 
done for the (+) shaded cells, i.e., the (-) shaded cell with the highest number 
of (-) responses should be ranked {-1}, the second highest {-2) and this rank 
number should be added as in step 6. 




6. Cells which are not statistically significant are not ranked. The Summary 
Shade Report is now horizontally-ranked. 
 
Third-dimension Analysis 
Much of the analyses on the Composite Shade Report were conducted to reduce 
complexity of data and identify cells for subsequent analyses. For these subsequent 
analyses, not of all the original steps are needed. 
Further refined analyses were made by categorizing the data used to make the 
initial Shade Report data into subgroups of data, namely either tiers or learning styles. 
These particular transformations of the Shade Reports are called Split Shade Reports 
because they are split by either the dimension tier or the dimension learning style. 
The only difference between the Split Shade Reports and the Composite Shade 
Report is that the Split Shade Reports contain data for subgroups of participants from 
within the entire sample (here split by tiers or by learning styles); whereas, the Composite 
Shade Report contains the entire sample. The two sample Split-by-learning style Shade 
Reports (Appendix F) contain the same data as the sample Composite Shade Report 
(Appendix C), but the data are distributed differently by being separated into individual 
reports for each learning style. 
Each Split Shade Report has the same rows and columns and therefore 27 
response cells. Cells of the same cell number, i.e., the same row and column, on different 
Split Shade Reports are said to be in comparable positions (see Appendix F). To answer 
if there is there a difference in how students of different subgroups within a dimension 
perceive interactions of various trust factors and science education goals, cells of 




comparative descriptive analyses. This kind of analysis is called third-dimension analysis 
because while the horizontal and vertical analyses compare shaded cells in the x and y 
directions, respectively, third-dimension analyses compare cells in a third dimension, the 
z direction if the compared Shade Reports were to be stacked. 
With equal larger sample sizes for each compared subgroup and identical α-values 
for each split Shade Report of the comparison, a true Third-dimension Analysis is 
capable, comparing p-values of cells of a comparable position across different Split 
Shade Reports. Because of the sample sizes in this study, the Third-dimension analysis in 
this study is limited to comparing between each subgroup which interactions are most 
likely not due to chance, rather than directly comparing p-values. 
Using the below Protocol for creating Split Shade Report, five Split Shade 
Reports were made. Three of the Split Shade Reports were split by tier: one for grades 7-
8 (called tier 7-8), one for grade 9 (called tier 9-10), and one for grade 12 (called tier 11-
12). The other two Split Shade Reports were split by most preferred learning style 
(indicated by participants’ selections from a preference list on the Student Opinion 
Questionnaire): one for “by listening to the teacher” and one for “by exploring and doing 
things with my physical hands.” Though the Student Opinion Questionnaire provided 
students with five options of preferred learning style, only two of the learning styles were 
chosen by more than 10 participants and analyzed using Split Shade Reports. As 
discussed in the Protocol for creating Split Shade Report, each Split Shade Report may 
have different α-values. The α-values for the five aforementioned Split Shade reports 




The following procedure details how to create Split Shade Reports, the initial step 
of third-dimension analysis. The same procedure is used to make all Split Shade Reports 
whether split by tier or learning style. 
 
Protocol for creating Split Shade Reports. The following list of steps explicitly 
explains how to conduct third-dimension analysis of Split Shade Reports to answer if 
there is there a difference in how students of different subgroups within a dimension 
perceive interactions of various trust factors and science education goals. See Appendix F 
for an example. It is referenced in the protocol steps below. 
1. Using the above Protocol for creating entries and running a χ2 test on data of 
a Shade Report, make additional “Split Shade Reports.” Split Shade Reports 
resemble Composite Shade Reports but are split by a dimension such as tier or 
learning style. The only difference between the Split Shade Reports and the 
Composite Shade Report is that the Split Shade Reports contain data for 
subgroups of participants from within the entire sample (here split by tiers or 
by learning styles); whereas, the Composite Shade Report contains the entire 
sample. 
2. Repeat step 1 for any additional dimensions. 
3. Each Split Shade Report should have the same number of shaded cells, ideally 
around ten. Thus, the α-value of each Split Shade Report may need to be 
different to strengthen or weaken discrimination if Split Shade Reports are 





After the Split Shade Reports were made, three Summary Split-by-tier Shade 
Reports and two Summary Split-by-learning-style Shade Reports were made and 
analyzed using the following protocol. Summary Split Shade Reports contain less text 
than non-summarized Split Shade Reports, allowing these reports to be seen on the same 
page and compared more easily. The same procedure is used to make all Summary Split 
Shade Reports whether split by tier or learning style: 
 
Protocol for creating Summary Split Shade Reports. The following list of 
steps explicitly explains how to make a Summary Split Shade Report to more easily 
compare Split Shade Reports across a dimension. See Appendix G for an example. 
1. Make a copy of the Split Shade Reports using an appropriate word processing 
application. 
2. Starting with the copy of the first Split Shade Report, for each response cell, 
retain the cell numbers (1-27) and replace all other information with the 
percentage of respondents who agree with the interaction, i.e.,, the number of 
(+) respondents divided by the number of respondents. The shading pattern of 
the corresponding non-summarized Shade Report should be retained. 
3. Repeat step 2 with all other copies of Shade Reports and align all Split Shade 
Reports of a dimension, i.e., position them on the same page. 
4. Compare the number of shaded cells in each Summary Split Shade Report of a 





5. Compare the distribution (location within the rows and columns) of shaded 
cells in each Split Shade Report of a dimension and record differences in a 
narrative-based account. 
 
Table 1 is the research question matrix, containing the following parts: research 
questions (column 1), the source of evidence for each question (column 2), and analysis 
of evidence for each question (column 3). 
Table 1. Research Question Matrix 
Research Question Source of 
Evidence 
Analysis of Evidence 
For the overall sample, which 
factors influencing students’ trust 
in teachers are perceived by 





Goodness of fit χ2 tests compared 
frequencies of the two truncated 
responses of each of the first 27 
Student Response Survey items to 
50:50% in each of the 27 cells, 
creating the Shade Report 
(Appendix C). 
For the overall sample, what are 
the rank-ordered relationships of 
the interactions when analyzed 
within columns of the Shade 
Report to determine the relative 
importance of trust factors within 




Descriptive analyses compared 
shaded (statistically significant) 
cells vertically to determine 
which trust factors were 
considered most important within 
science education goal  
For the overall sample, what are 
the rank-ordered relationships of 
the interactions when analyzed 
within rows of the Shade Report 
to determine which science 
education goals are most 




Descriptive analyses compared 
shaded (statistically significant) 
cells horizontally to determine for 
which science education goal 
each trust factor was considered 
most important. 
For students of different ages, 
which factors influencing 
students’ trust in teachers are 
perceived by students as 





Goodness of fit χ2 tests created 
Split-by-tier Shade Reports 
similarly to as for the analysis for 





Table 1 (Cont.). Research Question Matrix 
Research Question Source of 
Evidence 
Analysis of Evidence 
For students of different ages, 
how are different trust factors 
perceived by students as 






analyses including visual 
comparisons and verbal analyses 
of the Split-by-tier Shade Reports. 
For students of different learning 
styles, which factors influencing 
students’ trust in teachers are 
perceived by students as 







Goodness of fit χ2 tests created 
Split-by-learning-style Shade 
Reports similarly to as for the 
analysis for the first and third 
research questions. 
For students of different learning 
styles, how are different trust 
factors perceived by students as 








analyses including visual 
comparisons and verbal analyses 










The results for each research question are addressed in sequential order. Because 
the unabridged (non-summarized) Shade Reports occupy substantial page space, they are 
presented in appendices to avoid clutter of the text pages. However, Summary Shade 
Reports and other tables containing major quantitative results are presented within the 
Results text. 
Research Question 1: For the Overall Sample, Which Factors Influencing Students’ 
Trust in Teachers are Perceived by Students as Influencing Science Education 
Goals? 
 
This research question addresses responses from the entire sample of student 
respondents (grades 7-12) and examines their perception of interactions of each of the 
nine factors which influence trust in teachers (trust factors) and three science education 
goals (Learning Classroom Science, Science Literacy, and Future Science as a Career). 
The trust factors are the row labels in a Shade Report (Appendix H), and the science 
education goals are the column headers in the Shade Report. The extent of the perceived 
relationship is presented as a χ2 statistic for each cell in the Shade Report as explained in 
the Methods chapter. A Composite Shade Report is used to report the results for Research 
Question 1. 
The Composite Shade Report is shown in Appendix H. In this Shade Report, the 




Kurnianingsih et al. (2012). Terms in parentheses are modifications of each theme’s sub-
categories as listed in Kurnianingsih et al. (2012) and are representations of how the 
terms are mentioned on the Survey. The column headers list the science education goals. 
Terms in parentheses are representations of how the names of the goals appear on the 
Survey. Subsequent Shade Reports and Summary Shade Reports use abridged row labels 
and column headers. 
The 27 response cells of all Shade Reports are numbered 1-27. Each number 
refers to a specific perceived interaction, for example, “cell 1” refers to “the perceived 
interaction between presence of Teacher as Parent and achievement of Learning 
Classroom Science.” Throughout the remainder of this report, where appropriate, each 
perceived interaction is referred to by the assigned numbers. Table 2 shows a list of the 
27 cell numbers and the corresponding perceived interaction. 
Table 2. Corresponding Perceived Interactions of Each Cell Number 
Cell Number perceived interaction between presence of 
1 Teacher as Parent and achievement of Learning Classroom Science 
2 Teacher as Parent and achievement of Science Literacy 
3 Teacher as Parent and achievement of Future Science 
4 Meritorious Service and achievement of Learning Classroom Science 
5 Meritorious Service and achievement of Science Literacy 
6 Meritorious Service and achievement of Future Science 
7 Role and achievement of Learning Classroom Science 
8 Role and achievement of Science Literacy 
9 Role and achievement of Future Science 
10 Transferring Knowledge and achievement of Learning Classroom Science 
11 Transferring Knowledge and achievement of Science Literacy 
12 Transferring Knowledge and achievement of Future Science 
13 Expertise and achievement of Learning Classroom Science 
14 Expertise and achievement of Science Literacy 
15 Expertise and achievement of Future Science 
16 Character and achievement of Learning Classroom Science 
17 Character and achievement of Science Literacy 
18 Character and achievement of Future Science 
19 Emotional Relationship and achievement of Learning Classroom Science 




Table 2 (Cont.). Corresponding perceived interactions of each cell number 
Cell Number perceived interaction between presence of 
21 Emotional Relationship and achievement of Future Science 
22 Guidance and achievement of Learning Classroom Science 
23 Guidance and achievement of Science Literacy 
24 Guidance and achievement of Future Science 
25 Support and achievement of Learning Classroom Science 
26 Support and achievement of Science Literacy 
27 Support and achievement of Future Science 
 
 
χ2 tests showed that at α = 0.05, 21 perceived interactions (cells) out of a total 
possible of 27 were statistically significant (Appendix H and Table 3). Table 3 uses the 
aforementioned numbering system for the cells and summarizes which interactions 
(between presence of trust factors and achievement of science education goals) are 
perceived to be statistically significant. The number of shaded cells for each science 
education goal (Appendix H) is as follows: Learning Classroom Science (8 [Table 3, row 
1]), Science Literacy (7 [Table 3, row 2]) and Future Science (6 [Table 3, row 3]), out of 
a maximum total of nine (see the row entries in Table 3). As will become clear in 
reporting the results of subsequent research questions, the occurrence of relatively 
heavier shading for cells in the column headed as Learning Classroom Science is 
consistently the case, suggesting that this goal may have high saliency for the 
respondents. 
Table 3. Perceived Interactions Corresponding to Each Science Education Goal out of a 
Maximum of Nine per Science Education Goal 
Science Education Goal Shaded Cells 
Learning Classroom Science 4, 7, 10, 13, 16, 19, 22, 25 
Science Literacy 8, 11, 14, 17, 20, 23, 26 







For the science education goal of Learning Classroom Science, all of the trust 
factors, except for Teacher as Parent (cell 1 in Appendix H [also Tables 4 and 6]), were 
sufficiently strongly linked to the goal for the interactions to be statistically significant. 
Only 44 % of the participants agreed with the interaction of cell 1, but the other eight 
interactions in the column exhibited rather highly positive responses in the range of 64% 
to 89% in agreement. 
With respect to the goal of Science Literacy, neither interaction with the trust 
factor Teacher as Parent (cell 2, 47%) nor Meritorious Service (cell 5, 58%) was 
statistically significant. The other interactions (which were statistically significant) 
exhibited rather highly positive responses in the range of 67% to 90% in agreement. 
With respect to the goal of Science Literacy, interactions with three of the trust 
factors were not statistically significant: Teacher as Parent (cell 3, 44%), Meritorious 
Service (cell 6, 49%), and Support (cell 27, 59%). The other interactions (which were 
statistically significant) exhibited rather highly positive responses in the range of 62% to 
82% in agreement. 
 
Research Question 2: For The Overall Sample, What are the Rank-ordered 
Relationships of the Interactions when Analyzed within Columns of the Shade 
Report to Determine the Relative Importance of Trust Factors within Science 
Education Goals? 
 
Like the previous research question, this research question addresses responses 
from the entire sample of students and uses a Composite Shade Report to do so; however, 




information of the unabridged Shade Reports, a Summary Shade Report, which 
summarizes percentages of students who agree with each interaction, is used. Secondly, 
the Summary Shade Report is vertically-ranked, meaning that the percentage of (+) 
(“likely” or “very likely”) responses in each statistically significant cell in each of the 
trust factor categories (rows in the shade report) are ranked from the highest to the lowest 
within each of the Science Education goals (columns in the shade report), creating a 
Vertically-ranked Composite Summary Shade Report (e.g., Table 4). 
By listing the rankings of the percentages of significant interactions (cells) for 
each column, Vertically-ranked Summary Shade Reports indicate the relative importance 
of row factors (trust factors) within each of the column factors (science education goals) 
as shown in Table 4. For each entry in the table, the rank position is included in braces. 
For example, in Table 4, the row entry Transferring Knowledge in column one (Learning 
Classroom Science) has a score of 89% agreement, and is ranked highest within that 
column of values as shown by {1}; whereas the row entry Meritorious Service has a 
score of 64% that agreed and is ranked lowest {8} among all of the entries in that column 
that were statistically significant (shaded entries). 
The Vertically-ranked Summary Composite Shade Report (of Appendix H) is 
shown in Table 4. 
Table 4 shows the 27 response cells each with the percentages of students who 
agree with the respective interaction. Additionally, statistically significant cells are 
ranked by the magnitude of the percentage within each column. The layout of column 




Reports, but to interpret Table 4, it helps to see the cells in order of their rank numbers as 
shown in Table 5. 
Table 4. Vertically-ranked Summary Composite Shade Report. α = 0.05. N=93-96 
  It is (very unlikely, unlikely, likely, very likely) that I [achieve] 











Teacher as Parent (1) 46% (2) 47% (3) 44% 
Meritorious Service (4) 64% {8} (5) 58% (6) 49% 
Role (7) 82% {3} (8) 70% {5} (9) 80% {2} 
Transferring Knowledge (10) 89% {1} (11) 90% {1} (12) 82% {1} 
Expertise (13) 80% {5} (14) 81% {2} (15) 62% {6} 
Character (16) 86% {2} (17) 79% {3} (18) 70% {3} 
Emotional Relationship (19) 80% {4} (20) 67% {7} (21) 66% {5} 
Guidance (22) 79% {7} (23) 68% {6} (24) 67% {4} 




Table 5 ranks the percentage of (+) responses of each statistically significant 
perceived interaction within each science education goal (column). For example, in row 
one (Table 5), all of the ranked cells in column 1 of Table 4 are listed in rank order from 
highest (cell 10) to lowest (cell 4) under the column heading of Shaded Cells. 
Table 5. Vertically-ranked Perceived Interactions 
Science Education Goal Shaded Cells 
Learning Classroom Science 10, 16, 7, 19, 13, 25, 22, 4 
Science Literacy 11, 14, 17, 26, 8, 23, 20 
Future Science 12, 9, 18, 24, 21, 15 
 
 
Transferring Knowledge (cells 10, 11, and 12, [row 4 in Table 4], the first entries 
in the three cells under “Shaded Cells” in Table 5) was the most positively ranked ({1}) 
trust factor for each science education goal. (See Table 2 for cell number identity if 
necessary.) Character (cells 16, 17, and 18 [row 6 in Table 4]) was ranked as follows: for 
Learning Classroom Science, {2}; for Science Literacy, {3); and also for Future Science, 




[row 9 in Table 4]), the perceived interactions were only statistically significant for two 
science education goals, i.e., Learning Classroom Science and Science Literacy. For 
Meritorious Service (cells 4, 5, and 6 [row 2 in Table 4]), perceived interactions were 
only statistically significant for one science education goal: Learning Classroom Science. 
For Teacher as Parent (cells 1, 2, and 3 [row 1 in Table 4]), there were no statistically 
significant perceived interactions with science education goals (none were shaded). 
Between these most positive trust factors (Transferring Knowledge and Character) and 
these least positive trust factors (Support, Meritorious Service, and Teacher as Parent), 
there is no apparent uniformity to the ranking of the other trust factors’ ranking for the 
science education goals. Patterns of the trust factors in this intermediary middle ground 
(between the most positive and most negative trust factors) are analyzed more explicitly 
by the Split Shade Reports in Research Questions 5 and 7. 
 
Research Question 3: For The Overall Sample, What a re the Rank-ordered 
Relationships of the Interactions when Analyzed within Rows of the Shade Report 
to Determine Which Science Education Goals are Most Influenced by Which Trust 
Factors? 
 
Like the previous research question, this research question addresses responses 
from the entire sample of students using a Summary Shade Report, however this research 
question uses a Horizontally-ranked Summary Shade Report meaning that the percentage 
of (+) responses in each statistically significant cell in the each of the Science Education 




of the trust factor categories (rows in the shade report) creating a Horizontally-ranked 
Summary Shade Report (e.g., Table 6). 
By listing the rankings of the percentages of statistically significant interactions 
(cells) for each row based on the magnitude of the percentage agree responses, 
Horizontally-ranked Summary Composite Shade Reports indicate which column factors 
(science education goals) are most influenced by which row factors (trust factors) as 
shown in Table 6. For each entry in the table, the rank position is included in braces. For 
example, for the entries in row three of Table 6 related to the trust factor of Role the 
highest percentage of (+) responses was for the goal Science Learning ranked {1}, the 
second highest {2} was for the goal Future Science, and the third ranked goal {3} was 
Science Literacy. 
Table 6 shows the Horizontally-ranked Summary Composite Shade Report (of 
Appendix H).  
Table 6. Horizontally-ranked Summary Composite Shade Report. α = 0.05. N=93-96 
  It is (very unlikely, unlikely, likely, very likely) that I [achieve] 











Teacher as Parent (1) 46% (2) 47% (3) 44% 
Meritorious Service (4) 64% {1} (5) 58% (6) 49% 
Role (7) 82% {1} (8) 70% {3} (9) 80% {2} 
Transferring Knowledge (10) 89% {2} (11) 90% {1} (12) 82% {3} 
Expertise (13) 80% {2} (14) 81% {1} (15) 62% {3} 
Character (16) 86% {1} (17) 79% {2} (18) 70% {3} 
Emotional Relationship (19) 80% {1} (20) 67% {2} (21) 66% {3} 
Guidance (22) 79% {1} (23) 68% {2} (24) 67% {3} 
Support (25) 80% {1} (26) 72% {2} (27) 59% 
 
 
Table 6 shows the 27 response cells (from the unabridged Composite Shade 
Report [Appendix H]) each with the percentages of students who agree with the 




the magnitude of the percentage within each row. The response cells in Table 6 are in the 
same order as in all Shade Reports, but to interpret Table 6, it helps to see the cells in 
order of their rank numbers as shown in Table 7. Table 7 ranks of the percentage of (+) 
responses of each statistically significant perceived interaction within each trust factor 
(row). 
Table 7. Horizontally-ranked Perceived Interactions 
Trust Factor Shaded Cells 
Teacher as Parent  
Meritorious Service 4 
Role 7, 9, 8 
Transferring Knowledge 11, 10, 12 
Expertise 14, 13, 15 
Character 16, 17, 18 
Emotional Relationship 19, 20, 21 
Guidance 22, 23, 24 
Support 25, 26 
 
 
Within the trust factors, Learning Classroom Science (cells 1, 4, 7, 10, 13, 16, 19, 
22, and 25) was ranked most positively of the science education goals six out of the eight 
times Learning Classroom Science cells were statistically significant (though for 
Meritorious Service, Learning Classroom Science was the only statistically significant 
perceived interaction) i.e., Learning Classroom Science was ranked the highest cell in six 
of the rows. Within the trust factors, Future Science (cells 3, 6, 9, 12, 15, 18, 21, 24, and 
27) was ranked least positively of the science education goals five out of the six times it 
was statistically significant. Between these two science education goals, Science Literacy 
(cells 2, 5, 8, 11, 14, 17, 20, 23, and 26) was ranked second-most positively four out of 
the seven times it was statistically significant. This pattern of Learning Classroom 




least positively most of the time seems intuitive considering these science education goals 
had the most and least statistically significant cells, respectively. 
 In relation to the ranking of the trust factors, the goal of Learning Classroom 
Science (cells 1, 4, 7, 10, 13, 16, 19, 22, and 25) was ranked most positively among all 
three science education goals six out of the eight times Learning Classroom Science cells 
were significant. That is, six of the trust factors listed under the heading of Learning 
Classroom Science were ranked as {1}. However, Meritorious Service was the only 
statistically significant trust factor in row 2 of Table 6, the other trust factors were not 
statistically significant (thus, not shaded). In relation to the rankings of the nine trust 
factors, the learning goal Future Science (cells 3, 6, 9, 12, 15, 18, 21, 24, and 27, rows 1 
to 9 in Table 6) was ranked least positively of the science education goals. Although six 
of the nine entries in the column were statistically significant, most of the rankings were 
{3} (lowest) and one was {2}. In between these two science education goals, the goal of 
Science Literacy (cells 2, 5, 8, 11, 14, 17, 20, 23, and 26) was ranked second-most 
positively, with two rakings at {1}, four rankings at {2}, and one ranking at {3}. Seven 
of the nine cells in this column of Table 6 were statistically significant (shaded). As 
mentioned above, the pattern of Learning Classroom Science being ranked most 
positively most of the time and Future Science being ranked least positively is a common 
finding in this study. This pattern seems to be expected intuitively for this group of 
participants considering that the goal of Learning Classroom Science had the most 
statistically significant cells (8 shaded cells) and Future Science had the fewest 





Research Question 4: For Students of Different Ages, Which Factors Influencing 
Students’ Trust in Teachers are Perceived by Students as Influencing Science 
Education Goals? 
 
Like the first research question, this research question examines the participants’ 
reports of perceived interactions of the nine trust factors and three science education 
goals. However, this research question splits the entire sample of student responses into 
three separate subgroups or tiers based upon the respondents’ grade/class in school, i.e., 
tier 7-8, tier 9-10 and tier 11-12. Rather than using a Composite Shade Report, three Split 
Shade Reports (titled Split-by-tier Shade Reports) are presented to address this research 
question. There is one Split-by-tier Shade Report for data from tier 7-8, one for data from 
tier 9-10, and one for tier 11-12 as explained in the Methods chapter. 
The Split-by-tier Shade Report for tier (grades) 7-8 is shown in Appendix I. The 
Summary Split-by-tier Shade Report for tier 7-8 is shown in Table 8a. At a level of 
significance of α = 0.01, the 10 statistically significant perceived interactions (shaded 
cells) are cells 4, 7, 9, 10, 11, 12, 14, 16, 19, and 25 (see Table 2 for cell number identity 
if necessary). 
The Split-by-Tier Shade Report for tier 9-10 is shown in Appendix J. The 
Summary Split-by-tier Shade Report for tier 9-10 is shown in Table 8b. At α = 0.06, the 
10 statistically significant perceived interactions are cells 7, 9, 10, 11, 12, 14, 16, 17, 22, 
and 25. As mentioned in the Methods chapter, different α-values were used for each Split 
Shade Report in order to obtain 10 and only 10 statistically significant cells for each Split 
Shade Report. 




Table 8. Summary Split-by-tier Shade Reports. Percent agreement responses are reported. 
Summary Split-by-tier Shade Reports are as follows: (a) grades 7-8 (N = 34-35
1, α = 
0.01), (b) grades 9-10 (N = 22-23, α = 0.06), and (c) grades 11-12 (N = 36-38, α = 
0.0001). 
(a)   It is (very unlikely, unlikely, likely, very likely) that I [achieve] 











Teacher as Parent (1) 54% (2) 54% (3) 46% 
Meritorious Service (4) 74% (5) 60% (6) 49% 
Role (7) 83% (8) 69% (9) 74% 
Transferring Knowledge (10) 86% (11) 82% (12) 80% 
Expertise (13) 66% (14) 83% (15) 54% 
Character (16) 79% (17) 69% (18) 71% 
Emotional Relationship (19) 94% (20) 66% (21) 69% 
Guidance (22) 69% (23) 62% (24) 60% 
Support (25) 74% (26) 63% (27) 54% 
 
(b)   It is (very unlikely, unlikely, likely, very likely) that I 











Teacher as Parent (1) 48% (2) 57% (3) 43% 
Meritorious Service (4) 43% (5) 43% (6) 39% 
Role (7) 74% (8) 57% (9) 74% 
Transferring Knowledge (10) 86% (11) 95% (12) 74% 
Expertise (13) 68%  (14) 73% (15) 48% 
Character (16) 87% (17) 91% (18) 57% 
Emotional Relationship (19) 70% (20) 70% (21) 61% 
Guidance (22) 78% (23) 70% (24) 57% 
Support (25) 73% (26) 70% (27) 57% 
 
(c)   It is (very unlikely, unlikely, likely, very likely) that I [achieve] 











Teacher as Parent (1) 38% (2) 34% (3) 42% 
Meritorious Service (4) 68% (5) 66% (6) 55% 
Role (7) 86% (8) 79% (9) 89% 
Transferring Knowledge (10) 94% (11) 95% (12) 89% 
Expertise (13) 100% (14) 84% (15) 79% 
Character (16) 92% (17) 82% (18) 76% 
Emotional Relationship (19) 80% (20) 66% (21) 66% 
Guidance (22) 89% (23) 80% (24) 79% 
Support (25) 89% (26) 82% (27) 66% 
 
 
                                                             
1 There were 35 respondents for this tier, but for certain questions, only 34 students 





At α = 0.0001, the 10 statistically significant perceived interactions for tier 11-12 
are cells 7, 9, 10, 11, 12, 13, 14, 16, 22, and 25. The non-summarized Split-by-Tier Shade 
Report for tier 11-12 is shown in Appendix K. In this Shade Report, some p-values are 
reported as less than 0.001. They have been expanded an extra decimal place in order to 
allow for sufficient discrimination to yield only 10 statistically significant cells.  
As mentioned previously, the relatively larger number of shaded cells in the 
column headed as Learning Classroom Science is consistent across all the different 
variations of the Shade Reports, suggesting that this goal may have high saliency for the 
respondents. For tier 7-8 (Table 8a), the top 10 statistically significant cells had 
agreement percentages between 74% and 94%. For tier 9-10 (Table 8b), the top 10 
statistically significant cells had agreement percentages between 73% and 95%. For tier 
11-12 (Table 8c), the top 10 statistically significant cells had agreement percentages 
between 84% and 100%. Further similarities and differences between the Split-by-tier 
Shade Reports are presented for the results related to Research Question 5. 
 
Research Question 5: For Students of Different Ages, How are Different Trust 
Factors Perceived by Students as Interacting with Different Science Education 
Goals? 
 
Like the previous research question, this research question addresses responses of 
subgroups of responses split by tier. Whereas the previous research question asked which 
cells are significant for each Split-by-tier Shade Report this research question compares 
trends. To do so, this research question utilized third-dimension analysis, i.e., comparing 




interactions for all tier subgroups and which are among these interactions for only some 
tier subgroups when analyzed across all three tiers.  
 
Similarities among the Three Split-by-tier Shade Reports (Tables 8a, b, c) 
This subsection reports which cells are among the top 10 perceived interactions 
for all tier subgroups. 
Each of the Split-by-tier Shade Reports (Tables 8 a, b, and c) shared eight of their 
top 10 perceived interactions based on their positive perceived interactions between trust 
factors and science education goals: cells 7, 9, 10, 11, 12, 14, 16, and 25 (see Table 2 for 
cell number identity if necessary). Transferring Knowledge is the only trust factor that is 
consistently among the top 10 perceived interactions for each science education goal for 
each of the three Split-by-tier Shade Reports (see shaded cells in row 4 for all three 
columns in each Table 8 a, b, c). Another consistency among the Split-by-tier Shade 
Reports is the aforementioned high proportion of shaded cells in the Learning Classroom 
Science column. 
 
Differences among the Three Split-by-tier Shade Reports (Tables 8a, b, c) 
This subsection reports which cells are among the top 10 perceived interactions 
for only some tier subgroups. 
As each grade tier had a different number of participants, a direct comparison of 
whether a particular cells was statistically significant or not at a fixed α-value is not 
possible; rather, the point of this subsection and related subsections throughout the rest of 
the Results chapter is to compare the top 10 perceived interactions of each subgroup 




into the top 10 perceived interactions for a subgroup. Such comparison allows for 
assessing the relative importance of cells of comparable position (cells in the same 
location, i.e., the same row and column and thus of the same number [1-27], on different 
Split Shade) for different tier subgroups. 
Of further interest are the differences between these Split-by-tier Shade Reports. 
The top 10 perceived interactions that differ (non-universal
2
) between the Split-by-tier 
Shade Reports have been boldfaced in Appendices H, I, and J and Table 8. The non-
universal top 10 perceived interactions include the following: 
 Cells 4 and 19, which were among the top 10 perceived interactions for only the 
tier 7-8 
 Cell 17, which was among the top 10 perceived interactions for only the tier 9-10 
 Cell 13, which was among the 10 most likely not due to chance perceived 
interactions for only the tier 11-12 
 Cell 22, which was among the top 10 perceived interactions for only the tiers 9-10 
and 11-12. 
The percentages of each of these above cited non-universal cells for each Split-




                                                             
2
 When the term “non-universal” is used, it refers to a non-universality of the Split Shade 
Reports under analysis at that point. Thus when Split-by-learning-style Shade Reports are 
being compared (Research Question 6), the non-universal cells/interactions are the cells 
that are shaded for only some of the Split-by-learning Style Shade Reports. In the Cross-
comparative Analysis, when all five Split Shade Reports are compared, the non-universal 





Table 9. Percent Positive among the Non-universal Top 10 Perceived Interactions of  
the Split-by-tier Shade Reports 
Cell Tier 7-8 Tier 9-10 Tier 11-12 
4 74% 43% 68% 
13 66% 68% 100% 
17 69% 91% 82% 
19 94% 70% 80% 




The biggest differences are as follows: 
 Cell 4 was 74% (+) and in the top 10 perceived interactions for tier 7-8, but only 
43% (+) and 68% (+) for tiers 9-10 and 11-12, respectively. 
 Cell 13 was only 66% (+) and 68% (+) for tiers 7-8 and 9-10, respectively, while 
it was 100% (+) and in the top 10 perceived interactions for tier 11-12. 
Another interesting difference is the average percentage of the top 10 perceived 
interactions for each of these subgroups. While the average percentage of the top 10 
perceived interactions for tiers 7-8 and 9-10 are 80.9% (+) and 80.5% (+), respectively, 
the average percentage of the top 10 perceived interactions for tier 11-12 is 90.7% (+). 
This much higher value indicates that the 11-12 tier had more participants who felt that 
their tier’s top 10 perceived interactions were likely. 
 
Research Question 6: For Students of Different Learning Styles, Which Factors 
Influencing Students’ Trust in Teachers are Perceived by Students as Influencing 
Science Education Goals? 
 
Like the fourth research question, this research question examines the 
participants’ report of perceived interactions among the nine trust factors and three 




research question are based upon participants’ self-identified preferred learning styles.. 
Only two learning styles, “by listening to the teacher” (“Listening”) and “by exploring 
and doing things with my physical hands” (“Hands”), were selected by more than 10 
students. Therefore, only these two learning styles are analyzed using Split-by-learning-
style Shade Reports. 
Appendix L shows the Split-by-learning-style Shade Report for learning style 
“Listening.” The Summary Split-by-tier Shade Report for learning style “Listening” is 
shown in Table 10a. At α = 0.05, the 10 statistically significant perceived interactions are 
cells 7, 9, 10, 11, 12, 13, 14, 16, 17, and 25 (see Table 2 for cell number identity if 
necessary). 
The Split-by-learning-style Shade Report for learning style “Hands” is shown in 
Appendix M. The Summary Split-by-tier Shade Report for learning style “Hands” is 
shown in Table 10b. At α = 0.001, the 10 statistically significant perceived interactions 
are cells 7, 9, 10, 11, 12, 16, 17, 19, 20, and 22. As with research question 3 and as 
mentioned in the Methods chapter, different α-values were used for each Split Shade 
Report in order to obtain 10 and only 10 statistically significant cells for each Split Shade 
Report. 
As mentioned previously, the relatively larger number of shaded cells in the 
column headed as Learning Classroom Science is consistent across all the different 
variations of the Shade Reports, suggesting that this goal may have high saliency for the 
respondents. For learning style “Listening” (Table 10a), the top 10 statistically significant 
cells had reported agreement percentages between 71% and 93%. For learning style 




percentages between 80% and 92%. Further similarities and differences between the 
Split-by-leaning-style Shade Reports are reported while addressing the next research 
question. 
Table 10. Summary Split-by-learning-style Shade Reports for (a) learning style 
“Listening” (N = 30-31, α = 0.05) and (b) learning style “Hands” (N = 39-40, α = 0.001). 
Top 10 perceived interactions that differ between the Split-by-learning-style Shade 
Reports have been boldfaced. 
(a)   It is (very unlikely, unlikely, likely, very likely) that I [achieve] 











Teacher as Parent (1) 42% (2) 39% (3) 35% 
Meritorious Service (4) 61% (5) 58% (6) 48% 
Role (7) 73% (8) 58% (9) 71% 
Transferring Knowledge (10) 87% (11) 93% (12) 84% 
Expertise (13) 84% (14) 83% (15) 52% 
Character (16) 80% (17) 77% (18) 68% 
Emotional Relationship (19) 68% (20) 55% (21) 52% 
Guidance (22) 68% (23) 68% (24) 61% 
Support (25) 90% (26) 68% (27) 55% 
 
(b)   It is (very unlikely, unlikely, likely, very likely) that I [achieve] 











Teacher as Parent (1) 52% (2) 58% (3) 50% 
Meritorious Service (4) 65% (5) 60% (6) 55% 
Role (7) 92% (8) 72% (9) 85% 
Transferring Knowledge (10) 90% (11) 85% (12) 82% 
Expertise (13) 69% (14) 75% (15) 62% 
Character (16) 88% (17) 82% (18) 70% 
Emotional Relationship (19) 92% (20) 80% (21) 70% 
Guidance (22) 88% (23) 67% (24) 70% 




Research Question 7: For Students of Different Learning Styles, How are Different 
Trust Factors Perceived by Students as Interacting with Different Science 
Education Goals? 
 
As in the previous research question, this research question addresses responses of 




asked which cells are significant for each Split-by-learning-style Shade Report this 
research question compares trends. To do so, like the fourth research question, this 
research question utilizes third-dimension analysis, but this research question compares 
which cells are among the 10 most likely not due to chance (top ten) perceived 
interactions for both learning style subgroups and which are among these interactions for 
only one learning style subgroups when analyzed across both learning styles. 
 
Similarities within the Two Split-by-learning-style Shade Reports (Tables 10a, b) 
This subsection reports which cells are among the top 10 perceived interactions 
for both learning style subgroups. 
Each of the Split-by-learning style Shade Reports shared seven of their top 10 
perceived interactions: cells 7, 9, 10, 11, 12, 16, and 17 (see Table 2 for cell number 
identity if necessary). Transferring Knowledge is the only trust factor that is among the 
top 10 perceived interactions for each science education goal for each Split-by-learning-
style Shade Report. Another consistency between the Split-by-tier Shade Reports is the 
aforementioned heavy weighting of more statistically significant responses for the 
Learning Classroom Science column. 
 
Difference within the Two Split-by-learning-style Shade Reports (Tables 10a, b) 
This subsection describes which cells are among the top 10 perceived interactions 
for only one learning style subgroup. 
Of further interest are the differences between these Split-by-learning-style Shade 




Shade Reports have been boldfaced in Appendices K and L and Table 10. The non-
universal top 10 perceived interactions include the following: 
 Cells 13, 14, and 25, which were among the top 10 perceived interactions for only 
the learning style “Listening” 
 Cells 19, 20, and 22, which were among the top 10 perceived interactions for only 
the learning style “Hands” 
The percentages of each of these above cited six non-universal cells for each 
Split-by-learning-style Shade Reports have are presented in Table 11 (the top 10 
perceived interactions are boldfaced. 
Table 11. Percent Positive among the Non-universal Top 10 Perceived Interactions of 
the Split-by-learning-style Shade Reports 
Cell “Listening” “Hands” 
13 84% 69% 
14 83% 75% 
19 68% 92% 
20 55% 80% 
22 68% 88% 




The biggest differences are the following: 
 Cell 19 was only 68% (+) for learning style “Listening,” but 92% (+) and in the 
top 10 perceived interactions for learning style “Hands” 
 Cell 20 was only 55% (+) for learning style “Listening,” but 80% (+) and in the 
top 10 perceived interactions for learning style “Hands” 
 Cell 25 was 90% (+) and in the top 10 perceived interactions for learning style 




The difference in the average percentage of the top 10 perceived interactions for 
each of these Split Shade Reports is not as pronounced as it was for the Split-by-tier 
Shade Reports. The average percentage of the top 10 perceived interactions for learning 
style “Listening” is 82.2% (+) and the average percentage of the top 10 perceived 
interactions for learning style “Hands” is not much higher at 86.4% , indicating that the 
learning style “Hands” had more, but not many more, participants who felt that their 
tier’s top 10 perceived interactions were likely. This moderately higher value indicates 
that the “Hands” subgroup had a few more participants who felt that their learning style’s 
top 10 perceived interactions were likely. 
 
Cross-comparative Analysis of Research Questions 4-7 
 
As was the case with research questions 5 and 7, this analysis uses third-
dimension analysis; however, this subsection compares which cells are among the top 10 
perceived interactions for all five subgroups and which are among these interactions for 
only some subgroups. Table 12 shows a breakdown of learning styles by tier. 
Table 12. Breakdown of Learning Styles by Tier 
Tier Percentage of students within 
learning style “Listening” 
Percentage of students within 
learning style “Hands” 
7-8 32% 55% 
9-10 29% 27.5% 
11-12 39% 17.5% 
 
 
Students in tier 11-12 represented 39% of the “Listening” learning style but only 
17.5% of the “Hands” learning style indicating that the older students apparently 
preferred learning by listening to the teacher. Students in tier 7-8 represented 33% of the 




younger students reported a preference for learning by exploring and doing things with 
their hands. However, there is a complication. The 8
th
 graders represented 19% of the 
“Listening” subgroup and 17.5% of the “Hands” subgroup. These figures indicate that the 
8
th
 graders preference was not very differentiated between the two learning styles. 
However, the 7
th
 graders represented 13% of the “Listening” learning style and 37.5% of 
the “Hands” learning style. The 7th graders in the sample were from a different school 
than the other students, therefore the preference of the 7
th
 graders (and also, likewise, 
preference of the tier 7-8 students) may not be because of age, but because of a different 
school culture. 
Table 13 shows the subgroups’ distribution of the top 10 perceived interactions. 
Table 13. Top 10 Perceived Interactions of Subgroups 
Subgroups Cells 
7-8, 9-10, 11-12, “Hands”, “Listening” 7 9 10 11 12 16 
7-8, 9-10, 11-12, “Listening” 14 25 
9-10, 11-12, “Hands” 22 
9-10, “Hands”, “Listening” 17 
7-8, “Hands” 19 





The same information is presented graphically in Fig. 2.Table 13 and Fig. 2 show 
that all of the subgroups shared six of their top 10 perceived interactions: cells 7, 9, 10, 
11, 12, and 16 (see Table 2 for cell number identity if necessary). Eight other cells were 
non-universal to the subgroups. These 14 (six universal and eight non-universal) cells are 












Table 14 shows the universal and non-universal top 10 perceived interactions of 
each subgroup. Underlined cell numbers indicate that the cell is non-universal. Boldfaced 
values are the top 10 perceived interactions. It is important to remember that a boldfaced 
cell indicates that the cell was among the top 10 perceived interactions for that subgroup. 
For that reason, a cell that is not among its subgroup’s top 10 perceived interactions may 
not be boldfaced even if it has the same percentage as a boldfaced cell that is among 






Table 14. Percent Positive of the Top 10 Perceived Interactions of the Five Subgroups  
Cell Tier 7-8 Tier 9-10 Tier 11-12 “Listening” “Hands” 
Average Top 10 Perceived 
Interaction 
80.9% 80.5% 90.7% 82.2% 86.4% 
4 74% 43% 68% 61% 65% 
7 83% 74% 86% 73% 92% 
9 74% 74% 89% 71% 85% 
10 86% 86% 94% 87% 90% 
11 82% 95% 95% 93% 85% 
12 80% 74% 89% 84% 82% 
13 66% 68% 100% 84% 69% 
14 83% 73% 84% 83% 75% 
16 79% 87% 92% 80% 88% 
17 69% 91% 82% 77% 82% 
19 94% 70% 80% 68% 92% 
20 66% 70% 66% 55% 80% 
22 69% 78% 89% 68% 88% 
25 74% 73% 89% 90% 67% 
 
 
Although Table 12 indicated that there more tier 7-8 students self-identified as 
learning better with “Hands” than “Listening” and that more 11-12 students self-
identified as learning better with “Listening” than “Hands,” Table 14 shows information 
contrary to this seeming tier-learning style interaction. Specifically, Table 14 shows that 
the average top 10 perceived interaction’s percentage of tier 7-8 is more similar to 
learning style “Listening” than to learning style “Hands.” Moreover, Table 14 also shows 
that the average top 10 perceived interaction’s percentage of tier 11-12 is more similar to 
learning style “Hands” than to learning style “Listening.” Thus, though this research 
study does not use multivariate statistics to ensure there is no interaction of tier and 







Table 14 shows the following interesting trends: 
 Along with the six universal cells, cells 14 and 25 are top 10 perceived 
interactions for “Listening” and all tiers as a whole, but not “Hands.” 
 Along with the six universal cells, cell 17 is a top 10 perceived interactions for 
tier 9-10 and both learning styles as a whole, but not the other two tiers. 
 Cell 22 is a top 10 perceived interaction for the high school tiers (9-10 and 11-12) 
and learning style “Hands,” but not the other two subgroups. 
Table 15 shows how many top 10 perceived interactions are shared between each 
subgroup pair. 
Table 15. Number of Shared Top 10 Perceived Interactions for Each Subgroup Set 
Subgroups set Number of shared top 10 perceived interactions 
7-8 & “Hands” 7 
7-8 & “Listening” 8 
9-10 & “Hands” 8 
9-10 & “Listening” 9 
11-12 & “Hands” 7 
11-12 & “Listening” 9 
7-8 & 9-10 8 
7-8 & 11-12 8 
9-10 & 11-12 9 
“Hands” & “Listening” 7 
 
 
Table 15 shows that the most similar subgroups are three pairs of subgroups (9-10 
& “Listening,” 11-12 & “Listening,” and 9-10 & 11-12) because each pair of subgroups 
shares the same value of nine top 10 perceived interactions. Each of the high school tiers 
(9-10 and 11-12) shared only eight top 10 perceived interactions with the middle school 
tier (7-8), thus the high school tiers are more similar to each other than to the middle 




(elementary school, middle school, high school) may affect how participants feel 
regarding the interactions between trust factors and science education goals. 
Table 15 also shows that while there were eight or nine shared top 10 perceived 
interactions between the different tiers, there were only seven shared top 10 perceived 
interactions between the different learning styles. This trend indicates that learning better 
with a different learning style may be a better predictor than being of a different age for 
predicting how differently participants will feel regarding the interactions of trust factors 
and science education goals. 
While Table 12 shows that students in tier 7-8 represented 55% of the “Hands” 
learning style, Table 15 shows that tier 7-8 and learning style “Hands” shared only seven 
top 10 perceived interactions. 
Table 16 shows the average response (from a Likert scale converted to 1-5) of 
how much each participant trusted her current science teacher broken down by subgroup. 
Table 16. Average Trust in Current Science Teacher for Each Subgroup 








As different tiers had different science teachers, the differences in the average 
trust may be caused by the tier’s teacher’s rather than features unique to the tier’s 
participants. Another issue with drawing conclusions from the responses of the tiers is 
that the 7
th
 graders in the sample were from a different school than the rest of the students 
and the 7
th




was 1.9. However, because the learning style subgroups had participants from all tiers, 
the effect of different teachers is not as much of a concern. The “Listening” subgroup had 
an average trust rating of 3.0 and the “Hands” subgroup had an average trust rating of 
2.8. Because the factor of different teachers has not been controlled, a proper t-test cannot 
be conducted to test for statistical significance. However it is possible that the higher 
average trust rating of the “Listening” subgroup may have something to do with these 












The Discussion is organized to address the following topics: A review of the role 
of Shade Reports as applied in this research study, discussion of the Research Questions, 
Limitations and Rigor, and Future Inquiries. As previously stated, Research Questions 1-
3 are for the entire sample (composite sample) of participants, Research Questions 4-5 
address Split Shade Reports for different tiers, and Research Questions 6-7 address Split 
Shade Reports for different learning styles. A cross-comparative analysis compares 
patterns found with the last four Research Questions. 
Some of the findings provide potential insights for teacher professional 
development, teacher education, curriculum design, and teacher training. Educators 
involved in these processes could benefit from being aware of the statistically significant 
interactions of this study as well as their implications. 
 
The Role of Shade Reports as Applied in this Research Study 
 
Shade Reports are a novel use of cross-tabulation matrices, including chi-square 
statistical analyses, that were used for the first time in this research study. Shade Reports 
are a grid showing interaction of row factors (trust factors in this study) and column 
factors (science education goals in this study). Individual cells within the grid are shaded 
when statistically significant and the shading acts as a visual aid for comparison within 




Composite Shade Report with responses from the entire sample was used to answer 
Research Questions 1-3 to find patterns relevant to perceived interactions of trust factors 
and learning styles for the entire sample. Shade Reports split by either tiers of school 
grades (Split-by-tier Shade Reports) or learning styles (Split-by-learning-style Shade 
Reports) were used to answer Research Questions 4-5 and 6-7, respectively, to find 
patterns relevant to perceived interactions of trust factors and learning styles for each 
individual subgroup (group of students from each tier or preferred learning style). For the 
Split Shade Reports, different α-values were selected in order for each Split Shade Report 
to have only 10 statistically significant (and thus shaded) cells. This tactic enabled the 
Split Shade Reports to be compared based upon their top 10 perceived interactions. All 
modifications of the Shade Reports worked very well in this study and helped reveal and 
portray interesting trends regarding participant’s perceptions of the interaction of trust 
factors and science education goals. 
Setting α-values creates a dichotomy of statistically significant or not. An 
interaction with a p-value just lower than the α-value may is considered statistically 
significant whereas an interaction with a p-value slightly higher than the other α-value is 
not, even though it is not much higher than the other p-value. Thus when interpreting the 
Shade Reports, particularly for users of future Shade Reports, it is important to look at p-
values, not just whether or not a cell is shaded (statistically significant). Still the 







Research Question 1: For the Overall Sample, Which Factors Influencing Students’ 
Trust in Teachers are Perceived by Students as Influencing Science Education 
Goals? 
 
When the composite sample of participants was used, the sample size (and thus 
the statistical power) was high enough for 21 of the 27 interactions listed in the Shade 
Reports to be statistically significant for the frequency of positive (+) responses 
(Appendix H). Larger sample sizes may increase the power of the testing enough to 
determine that certain interactions are statistically significant for frequencies of negative 
(-) responses, beyond the non-significant results found in the present study. However, in 
the absence of further testing with perhaps larger sample sizes, cells 1, 2, 3, 5, 6, and 27 
are not statistically significant for either more (+) or (-) responses. 
To possibly overcome student negative perceptions related to issues with trust as 
found in this study, it may be best to encourage teachers to exhibit more evidence in their 
teaching of trust factors such as Role, Transferring Knowledge, Expertise, Character, 
Emotional Relationship, and Guidance. The results of the Shade Report for the composite 
sample show that the presence of these trust factors was found to be statistically 
significant for more (+) responses regardless of the science education goal in question. 
Focusing on these six trust factors may be particularly useful for general teacher 
preparation (rather than preparation for particular grades or when emphasis more 
specifically focuses on learning styles). This is particularly likely to be advantageous 
when professional development and/or teacher training time is minimal, and the most 
generic teaching strategies are being considered. Furthermore, the present study 




area, yeshiva, 7-12 grade students. To broaden the possible generality of these research 
findings to include classes with students of other demographics, it may be useful to repeat 
the study with a broader demographic range of students. 
 
Research Question 2: For The Overall Sample, What are the Rank-ordered 
Relationships of the Interactions when Analyzed within Columns of the Shade 
Report to Determine the Relative Importance of Trust Factors within Science 
Education Goals? 
 
For the composite sample, the most positively perceived trust factor for 
achievement of each science education goal is Transferring Knowledge, defined on the 
Student Response Survey (Appendix B) as “if your science teacher transferred 
knowledge and made you smart.” Thus, if teacher preparation were to only focus on one 
trust factor, based on the results of this study, Transferring Knowledge is likely to be an 
ideal one. That is, students positively see the value of the teacher effectively imparting 
relevant science content through effective teaching practices. 
Other research supports the importance of emphasizing Transferring Knowledge. 
For example, prior research indicated that content knowledge may be one of the best 
predictors of teacher success, and further research indicates that having taken courses in 
the field that someone teaches is advantageous for success teaching it (Allen, 2003). 
However, in the 2011-2012 academic year, 59.0-69.1% of U.S. public high schools’ 
chemistry, earth science, and physics teachers did not major in the subject they taught 
(Table 5: Number and percentage of grade 9–12 public school classes of various subjects 




areas: 2011–12., 2015). Similarly, Abd-El-Khalick and BouJaoude (1997) found that 
many teachers were inept at understanding the content they were assigned to teach.  
An important component of Transferring Knowledge is not just content 
knowledge, but knowing how to use appropriate pedagogies to transmit the knowledge. 
Without this Pedagogical Content Knowledge, (Shulman 1986), several urban teachers 
are unable to engage their students (Emdin, 2016). 
Transferring of knowledge by the teacher is positively viewed by students, but it 
seems that many teacher preparation programs stress Transferring Knowledge near 
exclusively. For example, in an article about different teacher preparations, Benton-
Borghi (2013) alluded to Transferring Knowledge, Expertise, and Character, but not to 
the other six trust factors. However, adding in other trust factors that provide more 
individualized, or other supportive, supports for the student may help round out the 
teacher. Thus, while transferring knowledge, by supplementing content knowledge with 
as many other effective trust factors as possible may lead to a more substantial 
achievement of science education goals if these extra trust factors also enable the 
teacher’s more effective use of Pedagogical Content Knowledge. 
It is also important to note that whereas the term “transferring knowledge” may be 
associated with didactic lecturing in some professional recognized lexicons, the term was 
used in this study as it was one the themes named by Kurnianingsih et al. (2012). 
Transferring Knowledge was not restricted to any pedagogy in the Kurnianingsih et al. 
study, when the term was presented to the participants of the present study, or in the 





Research Question 3: For The Overall Sample, What a re the Rank-ordered 
Relationships of the Interactions when Analyzed within Rows of the Shade Report 
to Determine Which Science Education Goals are Most Influenced by Which Trust 
Factors? 
 
Of the three science education goals, Learning Classroom Science had the most 
statistically significant interactions with trust factors. It is of interest for further research 
to find out why students placed such positive emphasis on Learning Classroom Science. 
Learning science with greater depth is a goal of science education that particularly was 
emphasized in the latter twentieth century after Sputnik, and is a growing area of concern 
because science is seen as important understandings needed by modern citizens (Osborne 
et al., 2003). Thus it is particularly encouraging that the students find Learning 
Classroom Science is a major positive factor. It suggests that students are aware that 
science learning is a beneficial asset in their lives, in addition to the realities that their 
grades and other evaluations are based on their content achievement. Osborne et al. 
(2003) summarized research regarding students’ attitudes towards science and listed 
“achievement in science” and “fear of failure in course” as factors, which are imminently 
pertinent each academic year (p. 1054). 
It is interesting to note, however, in contrast to science learning, Science Literacy 
and Future Science are probably further removed from students’ timelines and minds, 
apparently based on their responses in the Shade Reports. These goals may be less 
personal than Learning Classroom Science; and therefore, students may feel that fewer 
trust factors would be able to facilitate achievement of Science Literacy and Future 











participants even said that neither the school nor the students were science-oriented 
(Principal “Jeremy,” personal communication, January 1st, 2018). Thus the likelihood of 
the majority of the students in this study seeing themselves as pursuing Future Science is 
slim. Repeating this study in a science-oriented school would likely yield different results 
for the Future Science cadre of students potentially more likely to pursue science in 
subsequent education or careers. 
 
Research Questions 4 and 5: For Students of Different Ages, Which Factors 
Influencing Students’ Trust in Teachers are Perceived by Students as Influencing 
Science Education Goals? For Students of Different Ages, How are Different Trust 
Factors Perceived by Students as Interacting with Different Science Education 
Goals? 
 
As mentioned in the Results chapter, “school blocs” (elementary school, middle 
school, high school) may be less predictive than learning styles. Yet, as long as “school 
blocs” are used, it is important to understand how “school blocs” relate to interaction of 
trust factors and science education goals. The biggest difference between different 
“school blocs” may be how much time students spend in the classroom with each teacher. 
In graduate school, students may see their professor for only an hour and a half a week, 
whereas in elementary school, students may see their teacher for eight hours each day. 
Time spent with teacher decreases as students move from “school bloc” to “school bloc” 
and it can be understood how relevance of Teacher as Parent, defined on the Student 
Response Survey as “if you view your science teacher as a parent,” may diminish as well. 




students use bathrooms and serve them lunch. Furthermore, if a professor is busy with 
research (and especially if the professor doesn’t like teaching and only does it to keep the 
research position), the professor might not have time to build a relationship with students 
and students may not establish trust in the professor. (R. Mavashev, personal 
communication, 2016). 
The present study uses data from middle school and high school students. Middle 
school students (in this study and in other schools) interact with their science teachers 
more than high school students do by virtue of spending more hours with their science 
teachers each week. Also, because they have fewer teachers (of other subjects), daily and 
weekly, they are not required to divide their attention among so many different teachers. 
For tractability, only some of the differences between middle and high school tiers are 
discussed in this subsection. 
Cells that are significant for only the middle school tier (tier 7-8) but not the high 
school tier (tiers 9-10 and 11-12) are cells 4 (“the perceived interaction between presence 
of Meritorious Service and achievement of Learning Classroom Science [i.e., Meritorious 
Service and Learning Classroom Science]) and 19 (Emotional Relationship and Learning 
Classroom Science) (Table 8). Though not included in the results, the responses for cell 4 
were most positive for the 7
th
 grade students, which, as a reminder, were from a different 
school than that of the remainder of the students. Thus it is possible that the school-
specific factors, such as the culture of the school of the current study 7
th
 graders, rather 
than the culture of middle school largely influenced the findings for cell 4. Additionally, 
it was previously noted in the Results chapter that a greater percentage of the 7
th
 grade 




Although the differences found for cell 4 could be attributed to school-specific 
factors, a different result was found for cell 19. Namely, for the interaction of Emotional 




 graders were 
nearly identical even though the students came from different schools. Furthermore, these 
responses were more positive than the high school grades. Thus, the results for cell 19 
were considered more positive for middle school students than they were for high school 
students, because the evidence came from entirely different schools across the two blocs 
(middle school and high school).  
Emotional Relationship was perceived to be related to Learning Classroom 
Science more so than any other trust factor (most popular) by tier 7-8 participants (Table 
8). Emotional Relationship is defined on the Student Response Survey as “if your science 
teacher understood and trusted you and was close to you.” As middle school students 
have more time and opportunity to interact and form these close relationships with their 
teachers than do high school students, the close relationship described by Emotional 
Relationship may be more relatable for middle school students. 
 
Research Questions 6 and 7: Research Question 6: For Students Of Different 
Learning Styles, Which Factors Influencing Students’ Trust in Teachers are 
Perceived by Students as Influencing Science Education Goals? For Students of 
Different Learning Styles, How are Different Trust Factors Perceived by Students 
as Interacting with Different Science Education Goals? 
 
As mentioned in the Results chapter, learning better with a different learning style 




education goals than being of a different age. Thus the present study and further research 
to more fully elucidate how students of different learning styles feel about interactions 
between trust factors and science education goals may provide insights on how to help 
teachers develop better relationships with their students and enhance achievement of 
science education goals.  
 Interactions that were in the top 10 perceived interactions of the subcategory 
learning style “Listening,” but not learning style “Hands” include Expertise and Learning 
Classroom Science (cell 13), Expertise and Science Literacy (cell 14), and Support and 
Learning Classroom Science (cell 25). Expertise is defined on the Student Response 
Survey as “if your science teacher was a competent, knowledgeable, educated, older, 
experienced, and intelligent expert.” As students of the subcategory learning style 
“Listening” learn best by listening to their teachers, it makes sense that these students 
would value trust factors which are associated with teachers transmitting informative 
knowledge. Thus it makes sense that learning style “Listening” participants very 
positively perceived two interactions of the trust factor Expertise, with both Learning 
Classroom Science and Future Science. Similarly, Support, defined on the Student 
Response Survey as “if your science teacher expected the best and gave the best” can 
imply that the teacher strives among other professional competencies, to provide 
informative knowledge (giving the best in helping the students achieve science education 
goals). Transferring Knowledge is also related to transmitting informative knowledge, 
but, unlike cells 4, 13, and 25, interactions with Transferring Knowledge are common to 




I had originally surmised that students who learn best from learning style “Hands” 
would not be as dependent upon teachers’ trust as would students who learn best from 
learning style “Listening.” This is because hands-on learning potentially fosters more 
independent learning. The results of the Split-by-learning-style Shade Report for learning 
style “Hands” shows, however, that students who are categorized as learning style 
“Hands,” as a whole, also seek assistance and knowledge from their teachers; however, 
these students value trust factors differently than learning style “Listening” students. The 
interactions that were in the top 10 perceived interactions of learning style “Hands,” but 
not learning style “Listening” include Emotional Relationship and Learning Classroom 
Science (cell 19), Emotional Relationship and Science Literacy (cell 20), and Guidance 
and Learning Classroom Science (cell 22). As learning style “Hands” students need 
assistance to learn independently, it makes sense that Guidance, defined on the Student 
Response Survey as “if your science teacher guided you and did not lead you astray,” 
would be valued by these students as being guided is an integral component of guided 
inquiry (Magnusson et al., 1999) and other related physical pedagogies related to hands-
on learning. Aspects which comprise Emotional Relationship, such as closeness, may 
also be important for students to accept guidance, explaining why learning style “Hands” 
students would value Emotional Relationship. Yet, the reasoning is not entirely clear. 
This question is an interesting avenue for possible future inquiry. 
Students from both learning styles “Listening” and “Hands” value trust of their 
teachers, but different kinds of trust factors. Learning style “Hands” students are not as 
independent as I had thought, as, even though hand-on activities may seem to require less 




value guidance regarding their activities. Students who affiliate with the learning style 
“by reading about science,” for which there were not enough affiliating participants to 
enable statistical analysis, may be the most independent and may not value teacher’s trust 
as much. Indeed, Liew et al. (2015) found that students who learn in a deep rather than 
superficial fashion tend to read textbooks (80.2% of the participants) but engage in 
discussions less intensely (only 22.2% of the participants). However, beyond the science 
content dimension, the present study suggests that students from both learning styles 
“Listening” and “Hands” value their teachers trust as one of the more important factors in 
their school experiences. Thus for students of either learning style “Listening” or 
“Hands,” it is important to implement teacher preparation which stresses trust factors as a 
way to also facilitate achievement of science education goals. 
Juvenile Marginalization Perspective implies that it is important to be aware of 
student individual differences, and that students vary in their interests and style of 
learning. Although it is impractical to individualize instruction for each individual student 
in a group setting, it is still possible to teach differently for each major learning style, 
including where appropriate digital based learning media that provide for more 
individualized learning modes. It may benefit students if concurrent classes of different 
styles (a lecture-based option and a hands-on-emphasis option) are offered (Schwartz et 
al., 2008, p. 804), or to allow assignments to be completed in various ways (Nick, 
personal communication, November, 2015). Because students who learn best from the 
learning styles “Listening” and “Hands” learn differently, it is also important, as 
mentioned previously, to provide appropriate differentiated teacher preparation that 





Cross-comparative Analysis of Research Questions 4-7 
 
Research questions 4-5 addressed for students of different ages, which and how 
different trust factors are perceived by students as interacting with different science 
education goals. Research questions 6-7 addressed for students of different learning 
styles, which and how different trust factors are perceived by students as interacting with 
different science education goals. 
This subsection comparatively discusses the data from the Split-by-tier Shade 
Reports (Research Questions 4 and 5) with the Split-by-learning-style Shade Reports 
(Research Questions 6 and 7), consistent with the organization of the Results chapter 
subsection on the comparative analyses. 
 As mentioned in the Results chapter, the high school tiers are more similar to 
each other than to the middle school tier. This trend indicates that more so than age, 
“school bloc” (elementary school, middle school, high school) may affect how 
participants feel regarding the interactions between trust factors and science education 
goals. The Results also indicated that ‘learning better with a different learning style’ 
compared to ‘being of a different age’ may be a stronger predictor of student’ percepts of 
the interactions. Together, these two trends indicate that although a student’s age is an 
objective number based upon how many years someone has been alive, it has less 
predictive power than “school blocs,” which are socially constructed, or learning styles. 
Furthermore, categories based on school blocs group students by age and ignore learning 
styles. These notions lend support to the JMP notion that many of the characteristics we 




teach and learning standards direct based upon the belief that age is what sets different 
people apart. 
Regarding the results for shaded cells, additional insights were discovered. 
Statistically significant interactions common to different Split Shade Reports, in addition 
to the six shaded cells common to all five Split Shade Reports, include the data in cells 14 
(Expertise and Science Literacy) and 25 (Support and Learning Classroom Science) that 
are the top 10 perceived interactions for “Listening” and all tiers as a whole, but not 
“Hands.” This pattern makes sense, because as previously mentioned, students of the 
subcategory learning style “Listening” learn best by listening to their teachers. Therefore, 
it seems reasonable that these students would value trust factors, which are associated 
with teachers transmitting informative knowledge. This finding further supports the 
recommendation that teaching pedagogies should be chosen based upon students’ 
learning styles rather than just age or other factors that are insensitive to students’ 
preferred modes of learning. Though age difference was more pronounced in the present 
study, Liew et al. (2015) found that for medical school students, “Seniority in terms of 
age was not found to be significantly associated with the types of learning approaches” 
(p. 4) used by the students. 
 
Bringing it Full Circle 
 
 
This subsection discusses results in light of two concepts previously mentioned: 
“Women and Science” and Juvenile Marginalization Perspective (JMP). 
As stated in the Literature Review chapter, this study allows members of a still 




would best achieve certain science education goals, goals of a field from which not too 
long ago they were discouraged from pursuing. This study should be repeated with male 
participants to determine if the two sexes differ in their perceptions of interactions. 
Emphasizing trust factors inspired by female participants to teach female participants 
empowers females. It is discouraging that many Jewish females are still expected to 
become speech therapists or social workers rather than pursue science and that the 






 grade participants even said that neither the 
school nor the students were science-oriented (Principal “Jeremy,” personal 
communication, January 1
st
, 2018), but it is encouraging that many of the participants did 
indicate that felt they would be “likely” or “very likely” to pursue science in the future if 
certain trust factors were present. 
JMP informed aspects of the study including that youth deserve the respect of 
choosing how they are taught, including which pedagogies are used. Youth have an 
understanding of how they learn best and their perceptions of interactions between 
presence of trust factors and achievement of science education goals were not random 
and showed pattern. Specifically, there were six top 10 perceived interactions which were 
universal to the five subgroups (Table 13 and Fig. 2), illustrating that on average, 
students of all dimension types thought similarly about certain interactions. Furthermore 
the five subgroups differed in other top 10 perceived interactions implying that the 
students, particularly of different learning styles, have distinct ideas that set them apart 
from other students. Consistent with JMP, the youth in this study were able to postulate 






Limitations and Rigor 
 
A limitation of JMP is that false positives for occurrences of JM might be posited, 
i.e., someone might incorrectly think than an action that negatively impacts a youth was 
done solely because the youth is a juvenile and underappreciated. For example, using the 
JMP, we might assume that JM is responsible for teachers and outsiders coming to a high 
school blood drive being allowed to skip students on the waiting-to-donate line. In truth, 
the line-cutting is likely allowed because outsiders have other tasks and teachers have 
classes of perhaps 20-30 students to teach (though JMP would enable the 
counterargument that students not missing too much class waiting is important as well). 
But the benefit of such sensitivity to actions is that it allows the researcher to gauge 
actions with sensitivity similar to a youth who is sensitive to actions because so many 
actions are performed solely because of their age.  
The Kurnianingsih et al. (2012) study took place in Indonesia, and it raises the 
issue of whether the trust factors used here and derived from Kurnianingsih et al. are 
appropriate in our culture. Although the amount of affiliation toward each trust factor 
may differ for students of other cultures, these trust factors may be largely universal. 
However, future research, supported by the useful application here of the trust factors, 
may explore more fully the likely universal quality of the Kurnianingsih et al. trust 
themes. 
 It is also important to acknowledge that students of certain learning styles may 
not learn well from verbal pedagogies, even if trust is attained. Likewise, “[p]eople who 
possess certain traits that make them leaders in one situation may not be leaders in 




isolation from the context in which the leadership occurs” (Northouse, 2012, p. 31). So 
too, the trust factors that may be important for certain learning types might not be 
substantial for other learning types. Not all students learn well from verbal pedagogies 
and for these students who do not, teachers’ attempts to engage students and build 
relationships may be futile. Some students may be largely kinesthetic learners who learn 
best with hands-on methods. Though in this dissertation, I push for not neglecting verbal 
learners, I myself am a largely solitary learner. I spent almost all of the durations of 
lectures of one of my college science courses reading the textbook rather than paying 
attention and I ended up with the highest average of around 100 students. Kinesthetic and 
social learners may not benefit from attempts to build student-teacher relationships and 
for these students, alternative methods should remain available. I argue that not all 
students are kinesthetic learners, but that science education is pushing as though they are. 
If trust is more important for teaching with verbal pedagogies, methods which do not 
require more work than speaking, such as didactic pedagogies including lecture and 
discussions, the present study should be most beneficial for students who are verbal 
learners, students who learn best from verbal pedagogies and who on the Survey, self-
identify as learning best from lecture. This study seeks to give guidance in factors which 
may be beneficial for teaching breadth to students of certain learning styles rather than set 







 grade participants are largely-Ashkenazi (of Eastern 
European descent) and the 7
th
 grade participants are largely of Syrian descent, the 
ethnic/cultural variation of the students is much lower than the ethnic/cultural and gender 




narrowness limits some generalizability and predictability of the study to other 
ethnicities/cultures of students and male students, the narrowness also eliminates some 
variables—e.g., gender affects how trust is earned (Maddux & Brewer, 2005)—leading to 
a potentially more robust study. Thus even without multivariate analysis, differences 
perceived to be due to grade or learning style are more likely to truly be due to grade or 
learning style and not ethnic/cultural or gender differences. Still, because of the slight 
ethnic difference of the 7
th
 graders comprising most of the 7-8 tier, generalizations of 
middle school (tier 7-8) vs. high school students (9-10 and 11-12) should be made 
cautiously. Variables such as culture, gender, and school type were minimized or 
eliminated for the tractability of this already complicated study as well. 
Whereas students in grades 8 and 9 filled out their surveys/questionnaires at 
home, students in grades 7 and 12 filled them out in class, so the conditions under which 
the participants filled out their surveys/questionnaires differed slightly. Furthermore, not 
every 12 grader in the study was taking science. Thus some 12 graders had to use their 
imagination to conjure up a science teacher about whom to imagine trust factors. 
The Survey/Questionnaire is 30 questions and takes around 15 minutes to 
complete. Participants may have fatigued by the end of the Survey/Questionnaire and not 
given as much attention to the questions related to Future Science as questions related to 
Learning Classroom Science. Researchers conducting related studies may want to change 
the order of questions, e.g., putting Future Science questions first, to see if fatigue is 
indeed an issue. 
Two of the study’s participants mentioned at a social gathering that it was good 




perception of how much they trust their teacher would have been changed as they 
considered the final exam unfair (Amanda and Carrie, personal communication, January 
20, 2018). All of the participants in the study filled out the Survey before they took their 
final exams or did not take a final exam. This notion lends rigor to the present research 
study, but, building off of what the students mentioned at the social gathering, if this 
study is to be repeated, it is important to try to distribute surveys before finals are 
administered. 
As there is a substantial sample size for most grades and analyzed learning styles, 




Additional Shade Report Suggestions 
The construction of Shade Reports is novel. This tool enables participants to voice 
themselves and their responses to be analyzed in three dimensions (vertically within 
columns, horizontally within rows, and in a third dimension across Split Shade Reports) 
and perhaps further by being compared to the responses from participants in future 
studies. 
Indeed, with or without modifications to the tool, Shade Reports can be used to 
answer a plethora of research questions and conduct different kinds of related analyses in 
future studies. Shade Reports can be modified for many. For this reason, the protocols for 
creating all the modifications of Shade Reports in this study have been intricately 
explained in the Methods chapter so that other researchers can construct Shade Reports 





Though not entirely, as differences do exist, much of what holds true for how a 
female, Jewish, verbal-learner ninth-grader perceives interactions of trust factors and 
science education goals may perhaps be similar and applied to how a male, Latino verbal-
learner ninth grader perceives these factors to interact. As, however, not every aspect can 
be generalized, this study can serve as a model and be repeated with students of different 
ethnicities/cultures and male students, whether in public, private, male, or co-ed schools.  
Of particular interest is to replicate the study with students in other grades and 
create Split Shade Reports for each grade. If differences in Shade Reports are more 
pronounced between students of adjacent grades of different blocs (e.g., grades 5 and 6 
[between elementary and middle school] or grades 8 and 9 [between middle and high 
school]) than students of adjacent grades of the same blocs (e.g., grades 4 and 5, grades 6 
and 7, grades 7 and 8, and grades 9 and 10), then the previously claimed argument that 
differences in responses of students is more sculpted by culture of “school blocs” rather 
than age is further supported. 
Before conducting new studies for each different demographic group, it may 
make sense to discuss patterns of the current study with the new students and see how 
much of the patterns the students feel relates to them. 
The Student Opinion Questionnaire offered five choices of learning styles for 
students to select as the learning style with which they best learn. Only two of the 
learning styles, “by listening to the teacher” and “by exploring and doing things with my 
physical hands,” were chosen by more than 10 participants and analyzed using Split 
Shade Reports. If this study were to be repeated with a larger sample size, it is likely that 




and “by using numbers and mathematics” to enable construction of Split Shade Reports 
of these subgroups to better understand how to teach these students. 
The study can also be repeated with the same trust factors but different science 
education goals. It is recommended to not ask about too many science education goals on 
a single survey, as the survey can easily become too long.  
Similarly, Shade Reports do not need to be restricted to science education. The 
education goals in future studies can be related to other disciplines or be geared towards 
general education. 
Dobransky and Frymier (2004) discussed three interpersonal dimensions which 
Millar and Rogers (1976) identified: control, trust, and intimacy. Control is defined as 
“who has the right to direct, delimit, and define the actions of the interpersonal system in 
the presently experienced spatial-temporal situation” (Millar & Rogers, 1976, p. 91 as 
cited in Dobransky and Frymier, 2004, p. 212) and can be related to empowerment 
(Dobransky & Frymier, 2004, p. 212), intimacy is defined as “the degree to which each 
person uses the other as a source of self-confirmation and the affective evaluation of the 
self-confirmation” (Millar & Rogers, 1976, p. 93 as cited in Dobransky and Frymier, 
2004, p. 213), and trust is defined similarly to how it was defined in the current study (see 
Appendix A). 
The current study sheds light on the interaction of trust factors and science 
education goals and paves the way for future studies with students of other demographics 
or of different education goals. Building upon the current study and Millar and Rogers 
(1976), it may be possible to not just analyze the interactions of trust factors, but also 




aggregated because Kurnianingsih et al. (2012) asked their participants for reasons why 
they trust their teachers. To aggregate control factors and intimacy factors, participants 
could be asked for reasons why they feel empowered by their teachers (control) and why 
they feel self-confirmed by their teachers (intimacy). Rather than painting all students 
with the same brush, using Split Shade Reports to see how different students perceive 
interactions of control factors and intimacy factors with science education goals is 
important. This notion is supported by Dobranksy and Frymier (2004) who wrote, 
“[d]epending on the [student-teacher] relationship, however, there may be different 
demands for control, trust, and intimacy” (p. 213). 
Van Maele and Van Houtte (2011) wrote about the trust that teachers have in their 
students. A study can be conducted to ask teachers how likely they feel they would be to 
teach more effectively (rather than learn more effectively as the science education goals 
measured in the Shade Reports filled out by students) if students met certain conditions, 
modifications of trust factors. Results can be presented in a Shade Report and shared with 
students to inform them how they can be more effective students. 
In this study, the trust factors were based upon reasons why students trust their 
teachers (Kurnianingsih et al., 2012). The interactions of trust factors and science 
education goals differed for students of different subgroups and it is possible that they 
will differ for participants in future studies. This difference does not mean that trust is not 
important, but rather than trust is defined differently (or at least that likelihood of 
perceived interactions between presence of trust factors and achievement of science 




In review, this study can be repeated with students of different demographics 
(including ethnicities/cultures, sex, school type, and grade), with larger sample sizes (to 
study more learning styles), with different science education goals, with non-science 
education goals, with control factors or intimacy factors rather than trust factors, and 
teachers indicating how students can be more effective students. As patterns of the 
perceived likelihood of interactions differed for different science education goals and 




Knowledge of perceived interactions of trust factors and science education goals, 
which this study and potential future related studies aim to increase, can aid in many 
different future avenues of inquiry related to student-teacher. One such avenue could be 
exploring the utility of using student-teacher relationship to enable didactic pedagogies to 
be used to enhance physical pedagogies or instead of physical pedagogies when physical 
pedagogies are impractical or less desirable due to alternative learning styles or time and 
resource/funding constraints. The research question for such an inquiry could be: Can the 
extent of learning (perhaps measured with conceptual-change) achieved with physical 
methods be achieved by verbal methods enhanced by student-teacher relationships? 
The present study has provided information regarding which trust factors are 
perceived by students to achieve specific science education goals. The next possible 
research step is to learn how to achieve each of the required trust factors. Such 
information could provide potential insights for teacher professional development, 








Collectively, information from Gregory and Ripski (2008, p. 338), Kurnianingsih 
et al., (2012, p. 86), and Madalaine (Fig. 1) indicates that the lack of trust in teachers is 
an international problem. Trust was positively correlated with “school adjustment, 
academic motivation and performance” (Lee, 2007, p. 209), thus a lack of trust may 
impede science education goals. 
To determine which trust factors affected which science education goals, 96 
female yeshiva students in grades 7, 8, 9, and 12 filled out a survey and questionnaire that 
asked about their perceptions of the effects of their trust-in-teachers factors on their 
achievement of science education goals. 
Regardless of subgroup (tier or learning style), the following science education 
goals were statistically significantly perceived by participants to be achieved with the 
presence of the listed trust factors: 
 Learning Classroom Science: Role, Transferring Knowledge, and Character. 
 Science Literacy: Transferring Knowledge. 
 Future Science: Role and Transferring Knowledge. 
As discussed in the Discussion chapter, though age is an objective number based 
upon how many years someone has been alive, it has less predictive power than learning 
styles or “school blocs” which are unnatural and ignore learning styles. Yet many 
teachers teach and learning standards direct based upon the belief that age is what sets 




of desired science education goals, instruction must be more individualized to specific 
learning styles. 
Two cells related to teachers transmitting informative knowledge (Expertise and 
Support) were significant for subgroup learning style “Listening” and all tiers as a whole, 
but not “Hands.” This finding further supports the above-mentioned recommendation that 
teaching pedagogies should be chosen based upon students’ learning styles rather than 
just age. 
While it is impractical to individualize pedagogy for each individual student and 
we often need to paint with a broad brush, the purpose of the Composite Shade Report 
(Appendix H) is to enable the brush to serve as many students as we can. Individualized 
options such as electives or concurrent classes of different pedagogies (Schwartz et al., 
2008, p. 804) can fill subsequently remaining voids. Additionally, teachers can be 
informed which additional trusts factors are valued by students of which subgroups. 
For students who learn best by “listening to [their] teacher,” in addition to the 
trust factors listed in the above bullet points, it also helps for teachers to show Expertise 
and Support. For students who learn best by “exploring and doing things with [their] 
physical hands,” in addition to the trust factors listed in the above bullet points, it also 
helps for teachers to show Emotional Relationship and Guidance. 
Though perhaps not as predictive as different learning styles, students of different 
“school blocs” also value additional trust differently. 
For middle school students, in addition to the trust factors listed in the above 




Relationship. For high school students, in addition to the trust factors listed in the above 
bullet points, it also helps for teachers to show Guidance. 
The above bullet points show which trust factors were found to be universally 
statistically significantly perceived to achieve certain science education goals. Until 
instruction is more individualized, these trust factors, particularly Transferring 
Knowledge should be emphasized. 
Presence of the listed trust factors may facilitate achievement of the respective 
science education goals for female, NY Metropolitan area yeshiva, 7-12 grade students. 
Future studies can help determine how much of this information is transferable to other 
students as well. 
Teachers have academic and non-academic effects on their students. Academic 
effects include factors such as content knowledge acquisition. Non-academic effects 
include factors such as building trust in themselves and between students (Kurnianingsih 
et al., 2012). This in-group affiliation could occur as a collective alienation of the teacher 
(Emdin, 2016) but for more productive trust-building to occur, the teacher must 
consciously earn trust from hir students. Even if initially granted, trust in teachers can 
become diminished as a result of poor teaching or classroom control (Kurnianingsih et 
al., 2012). Emdin (2016, p. 101) differentiated between students jumping out of their 
seats and/or interrupting teachers as a sign of unengaged disrespect (similar to the 
classroom alluded to by Kurnianingsih et al.) and authentic engagement. It is in this 
second classroom that learning and trust-in-teacher-building occurs. Furthermore, when 
students trust their teachers, they are able to devote more time to focusing on the content 




Although the present study is derived from Kurnianingsih et al. (2012), it is 
different in purpose and design. However, the ‘themes’ derived by Kurnianingsih et al. 
(2012) from their research served very well in delineating the trust factors examined in 
this research. Overall, the adoption of the trust factors from Kurnianingsih et al. (2012) 
has added additional evidence of the usefulness of these themes as trust factors. Future 
research may well benefit from pursuing further in-depth analyses of how these trust 
factors dynamically influence classroom learning. One interesting difference between the 
two studies is that for tier 7-8 participants of the present study, the most popular trust 
factor, Emotional Relationship, and least popular trust factor, Teacher as Parent, are the 
least popular and most popular themes of the Kurnianingsih et al. study, respectively 
Teacher education, curriculum design, professional development, teacher training 
etc. informed by patterns of perceived interactions of trust factors and science education 
goals may enable teachers to better achieve specific science education goals if specific 
trust factors are met. The present study has provided information regarding which trust 
factors are perceived by students to achieve specific science education goals. The next 
possible research step is to learn how to achieve each of the required trust factors. 
Because of the ubiquitous application of verbal methods, future related research can also 
determine which trust factors are necessary to increase efficacy of verbal methods for 
non-science content areas as well. 
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Appendix A  
Glossary 
All these terms in their present meanings were coined by the author. If found elsewhere, 
these terms may not have the same meaning. 
Term Definition 
Composite Shade Report A Shade Report (see Shade Report) with data from every 
participant and all rows of each response cell (see Response 
Cell) filled. See Appendix C for an example. 
Eisenhart Factors “what facts, concepts, and forms of inquiry should be learned 
and how they should be taught and evaluated” (Eisenhart et 
al., 1996, p. 266) rather than improvements in teacher quality  
Future Science the science education goal of science being pursued in future 
education and/or careers 
Horizontally-ranked 
Summary Shade Report 
A Summary Shade Report (see Summary Shade Report) with 
remaining cells ranked in order of how many positive and 
negative responses each cell has relative to other cells in its 
row. See Appendix E for an example. 
JM see Juvenile Marginalization 
JMP see Juvenile Marginalization Perspective 
Juvenile Marginalization the marginalization of youth as worthless because of their age 
Juvenile Marginalization 
Perspective 
a transformative framework trying to disrupt the 
marginalization of JM by 1) asserting that JM occurs, 2) 




positioning oneself as a youth to recognize when JM may be 




Shade Reports which have not had their cell contents 
reduced, as opposed to Summary Shade Reports. These 
Shade Reports are found in appendices as they are often too 
large for direct incorporation into the Results chapter. 
Physical Pedagogies methods which require projects or other physical 
manipulations, such as project-based science and activity-
driven pedagogies 
Response Cell A cell in a Shade Report (see Shade Report) that is filled in 
based upon frequencies of participants’ responses. Cells with 
column headers, row labels, or title information are not 
response cells. 
Shade Report A graphic representation of participants’ perceptions of 
effects of trust factors on science education goals and which 
perceptions are statistically significant. Each of the nine rows 
corresponds to one of the nine trust factors and each of the 
three columns corresponds to one of the three science 
education goals. Shaded cells indicate statistically significant 
perceived interactions. 
Split Shade Report A Shade Report (see Shade Report) that is made by splitting 




(see Composite Shade Report) by tier (see Tier) or learning 
styles. For instance, there would be three “Split Shade 
Reports” for tier: one for grades 7-8, one for grades 9-10, and 
one for grades 11-12). Split Shade Reports can be used for a 
cross-comparative descriptive analysis of statistically 
significant perceived interactions across dimensions such as 
age and learning styles. See Appendix F for examples. 
Summary Shade Report A Shade Report (see Shade Report) that has cell content 
reduced to only cell number and percentage of respondents 
who agree with the interaction. Summary Shade Reports can 
further modified into Horizontally- or Vertically-ranked 
Summary Shade Reports (see Horizontally-ranked Summary 
Shade Reports and Vertically-ranked Summary Shade 
Reports). Furthermore, Split Shade Reports can be modified 
into Summary Split Shade Reports (see Summary Split Shade 
Reports).  
Summary Split Shade 
Report 
A Split Shade Report (see Split Shade Report) that has cell 
content reduced to only cell number and percentage of 
students who agree with the interaction. 
Tier a block of school grade levels, in this study, 7-8, 9-10, and 
11-12. 
Top 10 Perceived 
Interactions 
The 10 most likely not due to chance perceived interactions 




Trust the confidence or reliance students have that their teachers 
possess a certain attribute or will perform a certain action 
Trust Factors nine themes that Kurnianingsih et al. (2012) assembled based 
upon responses to their research question “What factors 
influence trust to teachers?” (p. 86). i.e., teachers’ [being 
seen] as parents, transferring knowledge, role, guidance, 
expertise, character, support, meritorious service, and 
emotional relationship 
Verbal Pedagogies methods which do not require more work than speaking, such 
as didactic pedagogies including lecture and discussions 
Vertically-ranked 
Summary Shade Report 
A Summary Shade Report (see Summary Shade Report) with 
remaining cells ranked in order of how many positive and 
negative responses each cell has relative to other cells in its 





Appendix B  
Student Survey 
This is a 30-question survey to find out some of your opinions about experiences in school. Try to 
give the answer that you think best represents your opinion in response to each item. 
 
PART I 
The first nine questions ask about how likely you think you would be to better understand scientific 
ideas from your teacher’s explanations based on nine different situations, each one listed at the end of 
each question, e.g., “…if you view your science teacher as a parent?” as occurs in the first question).  
Mark which of the four choices beneath each item best represents your response to the item. 
 
1. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if you view your science teacher as a parent? 
□very unlikely □unlikely □likely □very likely 
    
2. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher did not expect anything in return for teaching, that is, if your 
teacher taught out of the goodness of her/his heart? 
□very unlikely □unlikely □likely □very likely 
 
3. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher was a role model? 
□very unlikely □unlikely □likely □very likely 
    
4. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher transferred knowledge and made you smart? 
□very unlikely □unlikely □likely □very likely 
    
5. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher was a competent, knowledgeable, educated, older, experienced, 
and intelligent expert? 
□very unlikely □unlikely □likely □very likely 
    
6. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher was honest, reliable, kind-hearted, responsible, and helpful? 
□very unlikely □unlikely □likely □very likely 
    
7. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher understood and trusted you and was close to you? 
□very unlikely □unlikely □likely □very likely 
    
8. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher guided you and did not lead you astray? 
□very unlikely □unlikely □likely □very likely 
    
9. How likely do you think you would be to better understand scientific ideas from your teacher’s 
explanations if your science teacher expected the best and gave the best? 
□very unlikely □unlikely □likely □very likely 





The next nine questions ask about how likely you think you would be to become more 
science literate, that is, to understand science enough to make informed, intelligent decisions 
that most of us need to make from time-to-time, such as  when voting on or signing petitions 
on science-based issues (e.g. climate change, water-fluorination). The “if” situations at the 
end of each item are the same nine situations as in the first set of questions, but the beginning 
of the questions are different, so please do not copy your answers from the previous page. 
 
10. How likely do you think you would be to become more science literate if you view your 
science teacher as a parent? 
□very unlikely □unlikely □likely □very likely 
    
11. How likely do you think you would be to become more science literate if your science 
teacher did not expect anything in return for teaching, that is, if your teacher taught out of the 
goodness of her/his heart? 
□very unlikely □unlikely □likely □very likely 
 
12. How likely do you think you would be to become more science literate if your science 
teacher was a role model? 
□very unlikely □unlikely □likely □very likely 
    
13. How likely do you think you would be to become more science literate if your science 
teacher transferred knowledge and made you smart? 
□very unlikely □unlikely □likely □very likely 
    
14. How likely do you think you would be to become more science literate if your science 
teacher was a competent, knowledgeable, educated, older, experienced, and intelligent 
expert? 
□very unlikely □unlikely □likely □very likely 
    
15. How likely do you think you would be to become more science literate if your science 
teacher was honest, reliable, kind-hearted, responsible, and helpful? 
□very unlikely □unlikely □likely □very likely 
    
16. How likely do you think you would be to become more science literate if your science 
teacher understood and trusted you and was close to you? 
□very unlikely □unlikely □likely □very likely 
    
17. How likely do you think you would be to become more science literate if your science 
teacher guided you and did not lead you astray? 
□very unlikely □unlikely □likely □very likely 
    
18. How likely do you think you would be to become more science literate if your science 
teacher expected the best and gave the best? 






The next nine questions ask about how likely you think you would be to pursue science as a 
college major or as a career choice based upon the same nine situations as in the first two sets 
of questions, but the beginning of the questions are different, so please do not copy your 
answers from the previous page. 
 
19. How likely do you think you would be to pursue science in college or as a career if you 
view your science teacher as a parent? 
□very unlikely □unlikely □likely □very likely 
    
20. How likely do you think you would be to pursue science in college or as a career if your 
science teacher did not expect anything in return for teaching, that is, if your teacher taught 
out of the goodness of her/his heart? 
□very unlikely □unlikely □likely □very likely 
 
21. How likely do you think you would be to pursue science in college or as a career if your 
science teacher was a role model? 
□very unlikely □unlikely □likely □very likely 
    
22. How likely do you think you would be to pursue science in college or as a career if your 
science teacher transferred knowledge and made you smart? 
□very unlikely □unlikely □likely □very likely 
    
23. How likely do you think you would be to pursue science in college or as a career if your 
science teacher was a competent, knowledgeable, educated, older, experienced, and 
intelligent expert? 
□very unlikely □unlikely □likely □very likely 
    
24. How likely do you think you would be to pursue science in college or as a career if your 
science teacher was honest, reliable, kind-hearted, responsible, and helpful? 
□very unlikely □unlikely □likely □very likely 
    
25. How likely do you think you would be to pursue science in college or as a career if your 
science teacher understood and trusted you and was close to you? 
□very unlikely □unlikely □likely □very likely 
    
26. How likely do you think you would be to pursue science in college or as a career if your 
science teacher guided you and did not lead you astray? 
□very unlikely □unlikely □likely □very likely 
    
27. How likely do you think you would be to pursue science in college or as a career if your 
science teacher expected the best and gave the best? 






This is the final part of the survey and it asks your opinions about various aspects of your 
classroom learning that are particularly part of your own experience in learning science. 
 
Please remember that we do not ask for you to write your name on this survey, so no one 
knows how you respond to these questions. 
 
28. How much do you trust your current science teacher? As a reminder, please check only 
one box. 
□not at all  □a little □somewhat □much  □very much 
 
29. How do you learn science best? As a reminder, please check only one box.   
□by listening to the teacher 
□by exploring and doing things with my physical hands 
□by reading about science 
□by drawing  
□by using numbers and mathematics 
 
30. Class/grade in school_______________ 
 





Example of a Composite Shade Report 
 
  It is (very unlikely, unlikely, likely, very likely) that I 
  Learning Classroom 
Science 
(Better understand 





enough to make 
informed decisions 











Teachers as Parents 
(I view teacher as a parent) 
(1) 48,72,38,22 
[120 (-), 60 (+)] 
χ
2
 (1, N = 180) = 
19.339, p < 0.001 
(2) 50,62,36,32 
[112 (-), 68 (+)] 
χ
2
 (1, N = 180) = 
10.272, p = 0.001 
(3) 48,62,38,32 
[110 (-), 70 (+)] 
χ
2
 (1, N = 180) = 
8.45, p = 0.004 
Meritorious Service 
(Teacher does not expect 
anything in return for 
teaching) 
(4) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(5) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(6) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Role 
(Teacher is a role model) 
(7) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(8) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(9) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Transferring Knowledge 
(Teacher transfers 
knowledge and makes me 
smart) 
(10) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(11) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(12) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Expertise 
(Teacher is a competent, 
knowledgeable, educated, 
older, experienced, and 
intelligent expert) 
(13) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(14) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(15) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Character 
(Teacher is honest, 
reliable, kind-hearted, 
responsible, and helpful) 
(16) 36,34,50,60 
[70 (-), 110 (+)] 
χ
2
 (1, N = 180) = 
8.45, p = 0.004 
(17) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(18) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Emotional Relationship 
(Teacher understands and 
trusts me and is close to 
me) 
(19) 46,70,40,24 
[116 (-), 64 (+)] 
χ
2
 (1, N = 180) = 
14.45, p < 0.001 
(20) 38,32, 48,62 
[70 (-), 110 (+)] 
χ
2
 (1, N = 180) = 
8.45, p = 0.004 
(21) 38,22, 48,72 
[60 (-), 120 (+)] 
χ
2
 (1, N = 180) = 
19.339, p < 0.001 
Guidance 
(Teacher guides me and 
does not lead me astray) 
(22) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(23) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(24) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Support 
(Teacher expects the best 
and gives the best) 
(25) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(26) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
(27) 52,50,47,31 
[102 (-), 78 (+)] 
χ
2
 (1, N = 180) = 
2.939, p = 0.086 
Each of the 27 cells represents one of each of the 27 initial questions relating each pair of 
the row and column entries. The first line of each cell shows non-truncated frequencies 




likely. In the second line (in brackets), truncated responses for negative (-) and positive 
(+) affiliation are reported. The last two lines show the results of χ2 analysis of the 






Example of a Vertically-ranked Summary Shade Report 
 
  It is (very unlikely, unlikely, likely, very likely) that I 
  Learning 
Classroom Science 






Teacher as Parent (1) 33% {-1} (2) 38% {-1} (3) 39% {-1} 
Meritorious Service (4) 44% (5) 44% (6) 44% 
Role (7) 44% (8) 44% (9) 44% 
Transferring Knowledge (10) 44% (11) 44% (12) 44% 
Expertise (13) 44% (14) 44% (15) 44% 
Character (16) 61% {1} (17) 44% (18) 44% 
Emotional Relationship (19) 36% {-2} (20) 61% {1} (21) 67% {1} 
Guidance (22) 44% (23) 44% (24) 44% 
Support (25) 44% (26) 44% (27) 44% 
Positive numbers in braces indicate order of highest number of (+) responses in (+) 
shaded cells in each column and negative numbers in braces indicate order of highest 






Example of a Horizontally-ranked Summary Shade Report 
 
  It is (very unlikely, unlikely, likely, very likely) that I 
  Learning 
Classroom Science 






Teacher as Parent (1) 33% {-1} (2) 38% {-2} (3) 39% {-3} 
Meritorious Service (4) 44% (5) 44% (6) 44% 
Role (7) 44% (8) 44% (9) 44% 
Transferring Knowledge (10) 44% (11) 44% (12) 44% 
Expertise (13) 44% (14) 44% (15) 44% 
Character (16) 61% {1} (17) 44% (18) 44% 
Emotional Relationship (19) 36% {-1} (20) 61% {1} (21) 67% {2} 
Guidance (22) 44% (23) 44% (24) 44% 
Support (25) 44% (26) 44% (27) 44% 
Positive numbers in braces indicate order of highest number of (+) responses in (+) 
shaded cells in each row and negative numbers in braces indicate order of highest number 










Example of Summary Split-by-learning-style Shade Reports 
  It is (very unlikely, unlikely, likely, very likely) that I 
  Learning Classroom 
Science 






Teacher as Parent (1) 22% (2) 22% (3) 22% 
Meritorious Service (4) 44% (5) 44% (6) 44% 
Role (7) 44% (8) 44% (9) 44% 
Transferring Knowledge (10) 44% (11) 44% (12) 44% 
Expertise (13) 44% (14) 44% (15) 44% 
Character (16) 67% (17) 44% (18) 44% 
Emotional Relationship (19) 22% (20) 67% (21) 67% 
Guidance (22) 44% (23) 44% (24) 44% 
Support (25) 44% (26) 44% (27) 44% 
 
  It is (very unlikely, unlikely, likely, very likely) that I 
  Learning Classroom 
Science 






Teacher as Parent (1) 22% (2) 22% (3) 44% 
Meritorious Service (4) 44% (5) 44% (5) 22% 
Role (7) 44% (8) 44% (9) 44% 
Transferring Knowledge (10) 44% (11) 44% (12) 44% 
Expertise (13) 67% (14) 44% (15) 44% 
Character (16) 44% (17) 44% (18) 44% 
Emotional Relationship (19) 22% (20) 44% (21) 67% 
Guidance (22) 44% (23) 67% (24) 44% 








Composite Shade Report (α = 0.05) 
 
  It is (very unlikely, unlikely, likely, very likely) that I [achieve] 
  Learning Classroom 
Science 
(Better understand 





enough to make 
informed decisions 











Teachers as Parents 
(I view teacher as a 
parent) 
(1) 10,41,36,8 
[51 (-), 44 (+)] 
χ2 (1, N = 95) = 
0.379, p = 0.538 
(2) 15,36,35,10 
[51 (-), 45 (+)] 
χ2 (1, N = 96) = 
0.26, p = 0.610 
(3) 11,43,20,22 
[54 (-), 42 (+)] 
χ2 (1, N = 96) = 
1.26, p = 0.262 
Meritorious Service 
(Teacher does not expect 
anything in return for 
teaching) 
(4) 7,27,43,18 
[34 (-),61 (+)] 
χ2 (1, N = 95) = 
7.116, p = 0.008 
(5) 8,32,40,16 
[40 (-), 56 (+)] 
χ2 (1, N = 96) = 
2.344, p = 0.126 
(6) 13,36,36,11 
[49 (-), 47 (+)] 
χ2 (1, N = 96) = 
0.01, p = 0.920 
Role 
(Teacher is a role model) 
(7) 0,17,45,33 
[17 (-), 78 (+)] 
χ2 (1, N = 95) = 
37.895, p < 0.001 
(8) 3,26,43,24 
[29 (-), 67(+)] 
χ2 (1, N = 96) = 
14.26, p < 0.001 
(9) 6,13,40,37 
[19 (-), 77 (+)] 
χ2 (1, N = 96) = 




knowledge and makes me 
smart) 
(10) 2,8,32,51 
[10 (-), 83 (+)] 
χ2 (1, N = 93) = 
55.742, p < 0.001 
(11) 2,7,44,41 
[9 (-), 85 (+)] 
χ2 (1, N = 94) = 
59.84, p < 0.001 
(12) 6,11,45,34 
[17 (-), 79 (+)] 
χ2 (1, N = 96) = 
38.76, p < 0.001 
Expertise 
(Teacher is a competent, 
knowledgeable, educated, 
older, experienced, and 
intelligent expert) 
(13) 3,16,37,39 
[19 (-), 76(+)] 
χ2 (1, N = 95) = 
33.011, p < 0.001 
(14) 6,12,51,26 
[18 (-), 77 (+)] 
χ2 (1, N = 95) = 
35.411, p < 0.001 
(15) 11,25,31,29 
[36 (-), 60 (+)] 
χ2 (1, N = 96) = 
5.51, p = 0.019 
Character 
(Teacher is honest, 
reliable, kind-hearted, 
responsible, and helpful) 
(16) 2,11,32,50 
[13 (-), 82 (+)] 
χ2 (1, N = 95) = 
48.674, p < 0.001 
(17) 4,16,45,31 
[20 (-), 76 (+)] 
χ2 (1, N = 96) = 
31.51, p < 0.001 
(18) 10,19,43,24 
[29 (-), 67(+)] 
χ2 (1, N = 96) = 
14.26, p < 0.001 
Emotional Relationship 
(Teacher understands and 
trusts me and is close to 
me) 
(19) 3,16,45,32 
[19 (-),77 (+)] 
χ2 (1, N = 96) = 
33.844, p < 0.001 
(20) 5,27,44,20 
[32 (-), 64 (+)] 
χ2 (1, N = 96) = 
10.01, p = 0.002 
(21) 7,26,40,23 
[33 (-), 63 (+)] 
χ2 (1, N = 96) = 
8.76, p = 0.003 
Guidance 
(Teacher guides me and 
does not lead me astray) 
(22) 4,16,38,38 
[20 (-), 76 (+)] 
χ2 (1, N = 96) = 
31.51, p < 0.001 
(23) 4,26,38,27 
[30 (-), 65 (+)] 
χ2 (1, N = 95) = 
12.168, p < 0.001 
(24) 8,24,48,16 
[32 (-), 64 (+)] 
χ2 (1, N = 96) = 
10.01, p = 0.002 
Support 
(Teacher expects the best 
and gives the best) 
(25) 4,15,45,30 
[19 (-), 75 (+)] 
χ2 (1, N = 94) = 
32.181, p < 0.001 
(26) 6,21,46,23 
[27 (-), 69 (+)] 
χ2 (1, N = 96) = 
17.51, p < 0.001 
(27) 14,25,38,19 
[39 (-), 57(+)] 
χ2 (1, N = 96) = 





The Split-by-tier Shade Report for Tier 7-8 (α = 0.01) 
 
  It is (very unlikely, unlikely, likely, very likely) that I [achieve] 
  Learning Classroom 
Science 









[16 (-), 19 (+)] 
χ2 (1, N = 35) = 
0.114, p = 0.736 
(2) 6,10,12,7 
[16 (-), 19 (+)] 
χ2 (1, N = 35) = 
0.114, p = 0.736 
(3) 4,15,7,9 
[19 (-), 16 (+)] 
χ2 (1, N = 35) = 




[9 (-), 26 (+)] 
χ2 (1, N = 35) = 
7.314, p = 0.007 
(5) 4,10,12,9 
[14 (-), 21 (+)] 
χ2 (1, N = 35) = 
1.029, p = 0.310 
(6) 3,15,14,3 
[18 (-), 17 (+)] 





[6 (-), 29 (+)] 
χ2 (1, N = 35) = 
13.829, p < 0.001 
(8) 0,11,14,10 
[11 (-), 24 (+)] 
χ2 (1, N = 35) = 
4.114, p = 0.0426 
(9) 2,7,13,13 
[9 (-), 26 (+)] 
χ2 (1, N = 35) = 




[5 (-), 30 (+)] 
χ2 (1, N = 35) = 
16.457, p < 0.001 
(11) 1,5,17,11 
[6 (-), 28 (+)] 
χ2 (1, N = 34) = 
12.971, p < 0.001 
(12) 2,5,17,11 
[7 (-), 28 (+)] 
χ2 (1, N = 35) = 
11.429, p = 0.001 
Expertise (13) 1,11,14,9 
[12 (-), 23 (+)] 
χ2 (1, N = 35) = 
2.857, p = 0.091 
(14) 2,4,20,9 
[6 (-), 29 (+)] 
χ2 (1, N = 35) = 
13.829, p < 0.001 
(15) 5,11,10,9 
[16 (-),19 (+)] 
χ2 (1, N = 35) = 
0.114, p = 0.736 
Character (16) 0,7,6,21 
[7 (-), 27 (+)] 
χ2 (1, N = 34) = 
10.618, p = 0.001 
(17) 2,9,11,13 
[11 (-), 24 (+)] 
χ2 (1, N = 35) = 
4.114, p = 0.0426 
(18) 5,5,15,10 
[10 (-), 25 (+)] 
χ2 (1, N = 35) = 5.6, 




[2 (-), 33 (+)] 
χ2 (1, N = 35) = 
25.714, p < 0.001 
(20) 1,11,11,12 
[12 (-), 23 (+)] 
χ2 (1, N = 35) = 
2.857, p = 0.091 
(21) 4,7,13,11 
[11 (-), 24 (+)] 
χ2 (1, N = 35) = 
4.114, p = 0.043 
Guidance (22) 3,8,12,12 
[11 (-), 24 (+)] 
χ2 (1, N = 35) = 
4.114, p = 0.043 
(23) 2,11,16,5 
[13 (-), 21 (+)] 
χ2 (1, N = 34) = 
1.441, p = 0.230 
(24) 3,11,16,5 
[14 (-), 21 (+)] 
χ2 (1, N = 35) = 
1.029, p = 0.310 
Support (25) 3,6,18,8 
[9 (-), 26 (+)] 
χ2 (1, N = 35) = 
7.314, p = 0.007 
(26) 3,10,13,9 
[13 (-), 22 (+)] 
χ2 (1, N = 35) = 
1.829, p = 0.176 
(27) 8,8,14,5 
[16 (-), 19 (+)] 
χ2 (1, N = 35) = 







Split-by-tier Shade Report for Tier 9-10 (α = 0.06) 
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[12 (-), 11 (+)] 
χ2 (1, N = 23) = 0, p = 
1 
(2) 1,9,11,2 
[10 (-), 13 (+)] 
χ2 (1, N = 23) = 
0.174, p = 0.677 
(3) 4,9,6,4 
[13 (-), 10 (+)] 
χ2 (1, N = 23) = 




[13 (-), 10 (+)] 
χ2 (1, N = 23) = 0.174, 
p = 0.677 
(5) 1,12,8,2 
[13 (-), 10 (+)] 
χ2 (1, N = 23) = 
0.174, p = 0.677 
(6) 5,9,6,3 
[14 (-), 9 (+)] 
χ2 (1, N = 23) = 




[6 (-), 17 (+)] 
χ2 (1, N = 23) = 4.348, 
p = 0.037 
(8) 2,8,8,5 
[10 (-), 13 (+)] 
χ2 (1, N = 23) = 
0.174, p = 0.677 
(9) 3,3,11,6 
[6 (-), 17 (+)] 
χ2 (1, N = 23) =, p 




[3 (-), 19 (+)] 
χ2 (1, N = 22) = 
10.227, p = 0.001 
(11) 0,1,9,12 
[1 (-), 21 (+)] 
χ2 (1, N = 22) = 
16.409, p < 0.001 
(12) 2,4,9,8 
[6 (-), 17 (+)] 
χ2 (1, N = 23) =, p 
4.348, p = 0.037 
Expertise (13) 2,5,5,10 
[7 (-), 15 (+)] 
χ2 (1, N = 22) = 2.227, 
p = 0.136 
(14) 3,3,11,5 
[6 (-), 16 (+)] 
χ2 (1, N = 22) = 
3.682, p 0.055 
(15) 4,8,7,4 
[12 (-), 11 (+)] 
χ2 (1, N = 23) = 0, p = 
1 
Character (16) 1,2,11,9 
[3 (-), 20 (+)] 
χ2 (1, N = 23) = 11.13, 
p = 0.001 
(17) 0,2,13,8 
[2 (-), 21 (+)] 
χ2 (1, N = 23) = 
14.087, p < 0.001 
(18) 3,7,9,4 
[10 (-), 13 (+)] 
χ2 (1, N = 23) = 




[7 (-), 16 (+)] 
χ2 (1, N = 23) = 2.783, 
p = 0.095 
(20) 1,6,11,5 
[7 (-), 16 (+)] 
χ2 (1, N = 23) = 
2.783, p = 0.095 
(21) 2,7,9,5 
[9 (-), 14 (+)] 
χ2 (1, N = 23) = 
0.696, p = 0.404 
Guidance (22) 1,4,9,9 
[5 (-), 18 (+)] 
χ2 (1, N = 23) = 6.261, 
p = 0.012 
(23) 1,6,7,9 
[7 (-), 16 (+)] 
χ2 (1, N = 23) = 
2.783, p = 0.095 
(24) 4,6,11,2 
[10 (-), 13 (+)] 
χ2 (1, N = 23) = 
0.174, p = 0.677 
Support (25) 0,6,10,6 
[6 (-), 16 (+)] 
χ2 (1, N = 22) = 3.682, 
p 0.055 
(26) 2,5,13,3 
[7 (-), 16 (+)] 
χ2 (1, N = 23) = 
2.783, p = 0.095 
(27) 3,7,10,3 
[10 (-), 13 (+)] 
χ2 (1, N = 23) = 
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[23 (-), 14 (+)] 
χ2 (1, N = 37) = 1.73, 
p = 0.188 
(2) 8,17,12,1 
[25 (-), 13 (+)] 
χ2 (1, N = 38) = 
3.184, p = 0.074 
(3) 3,19,7,9 
[22 (-), 16 (+)] 
χ2 (1, N = 38) = 




[12 (-), 25 (+)] 
χ2 (1, N = 37) = 3.892, 
p = 0.049 
(5) 3,10,20,5 
[13 (-), 25 (+)] 
χ2 (1, N = 38) = 
3.184, p = 0.074 
(6) 5,12,16,5 
[17 (-), 21 (+)] 
χ2 (1, N = 38) = 




[5 (-), 32 (+)] 
χ2 (1, N = 37) = 18.27, 
p < 0.0001 
(8) 1,7,21,9 
[8 (-), 30 (+)] 
χ2 (1, N = 38) = 
11.605, p = 0.001 
(9) 1,3,16,18 
[4 (-), 34 (+)] 
χ2 (1, N = 38) = 




[2 (-), 34 (+)] 
χ2 (1, N = 36) = 
26.694, p < 0.0001 
(11) 1,1,18,18 
[2 (-), 36 (+)] 
χ2 (1, N = 38) = 
28.658, p < 0.0001 
(12) 2,2,19,15 
[4 (-), 34(+)] 
χ2 (1, N = 38) = 
22.132, p < 0.0001 
Expertise (13) 0,0,18,20 
[0 (-), 38 (+)] 
χ2 (1, N = 38) = 
36.026, p < 0.0001 
(14) 1,5,20,12 
[6 (-), 32 (+)] 
χ2 (1, N = 38) = 
16.447, p < 0.0001 
(15) 2,6,14,16 
[8 (-), 30 (+)] 
χ2 (1, N = 38) = 
11.605, p = 0.001 
Character (16) 1,2,15,20 
[3 (-), 35(+)] 
χ2 (1, N = 38) = 
25.289, p < 0.0001 
(17) 2,5,21,10 
[7 (-), 31 (+)] 
χ2 (1, N = 38) = 
13.921, p = 0.0002 
(18) 2,7,19,10 
[9 (-), 29 (+)] 
χ2 (1, N = 38) = 




[10 (-), 28 (+)] 
χ2 (1, N = 38) = 7.605, 
p = 0.006 
(20) 3,10,22,3 
[13 (-), 25 (+)] 
χ2 (1, N = 38) = 
3.184, p = 0.074 
(21) 1,12,18,7 
[13 (-), 25 (+)] 
χ2 (1, N = 38) = 
3.184, p = 0.074 
Guidance (22) 0,4,17,17 
[4 (-), 34 (+)] 
χ2 (1, N = 38) = 
22.132, p < 0.0001 
(23) 1,9,15,13 
[10 (-), 28 (+)] 
χ2 (1, N = 38) = 
7.605, p = 0.006 
(24) 1,7,21,9 
[8 (-), 30 (+)] 
χ2 (1, N = 38) = 
11.605, p = 0.001 
Support (25) 1,3,17,16 
[4 (-), 33 (+)] 
χ2 (1, N = 37) = 
21.189, p < 0.0001 
(26) 1,6,20,11 
[7 (-), 31 (+)] 
χ2 (1, N = 38) = 
13.921, p = 0.0002 
(27) 3,10,14,11 
[13 (-), 25 (+)] 
χ2 (1, N = 38) = 
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[18 (-), 13 (+)] 
χ2 (1, N = 31) = 0.516, 
p = 0.473  
(2) 4,15,10,2 
[19 (-), 12 (+)] 
χ2 (1, N = 31) = 
1.161, p = 0.281 
(3) 4,16,5,6 
[20 (-), 11(+)] 
χ2 (1, N = 31) = 




[12 (-), 19 (+)] 
χ2 (1, N = 31) = 1.161, 
p = 0.281 
(5) 3,10,13,5 
[13 (-), 18 (+)] 
χ2 (1, N = 31) = 
0.516, p = 0.473 
(6) 4,12,12,3 
[16 (-), 15 (+)] 
χ2 (1, N = 31) = 




[8 (-), 22 (+)] 
χ2 (1, N = 30) = 5.633, 
p = 0.018 
(8) 3,10,11,7 
[13 (-), 18 (+)] 
χ2 (1, N = 31) = 
0.516, p = 0.473 
(9) 2,7,12,10 
[9 (-), 22 (+)] 
χ2 (1, N = 31) = 




[4 (-), 27 (+)] 
χ2 (1, N = 31) = 
15.613, p < 0.001 
(11) 1,1,17,11 
[2 (-), 28 (+)] 
χ2 (1, N = 30) = 
20.833, p < 0.001 
(12) 2,3,17,9 
[5 (-), 26 (+)] 
χ2 (1, N = 31) = 
12.903, p < 0.001 
Expertise (13) 2,3,14,12 
[5 (-), 26 (+)] 
χ2 (1, N = 31) = 
12.903, p < 0.001 
(14) 1,4,17,8 
[5 (-), 25 (+)] 
χ2 (1, N = 30) = 
12.033, p < 0.001 
(15) 4,11,10,6 
[15 (-), 16 (+)] 
χ2 (1, N = 31) = 
0, p = 1 
Character (16) 1,5,10,14 
[6 (-), 24 (+)] 
χ2 (1, N = 30) = 9.633, 
p = 0.002 
(17) 1,6,16,8 
[7 (-), 24 (+)] 
χ2 (1, N = 31) = 
8.258, p = 0.004 
(18) 4,6,18,3 
[10 (-), 21 (+)] 
χ2 (1, N = 31) = 




[10 (-), 21 (+)] 
χ2 (1, N = 31) = 3.226, 
p = 0.072 
(20) 2,12,14,3 
[14 (-), 17 (+)] 
χ2 (1, N = 31) = 
0.129, p = 0.719 
(21) 3,12,13,3 
[15 (-), 16 (+)] 
χ2 (1, N = 31) = 
0, p = 1 
Guidance (22) 3,7,12,9 
[10 (-), 21 (+)] 
χ2 (1, N = 31) = 3.226, 
p = 0.072 
(23) 2,8,15,6 
[10 (-), 21 (+)] 
χ2 (1, N = 31) = 
3.226, p = 0.072 
(24) 2,10,16,3 
[12 (-), 19 (+)] 
χ2 (1, N = 31) = 
1.161, p = 0.281 
Support (25) 0,3,16,12 
[3 (-), 28 (+)] 
χ2 (1, N = 31) = 
18.581, p < 0.001 
(26) 2,8,12,9 
[10 (-), 21 (+)] 
χ2 (1, N = 31) = 
3.226, p = 0.072 
(27) 3,11,13,4 
[14 (-), 17 (+)] 
χ2 (1, N = 31) = 
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[19 (-), 21 (+)] 
χ2 (1, N = 40) = 
0.025, p = 0.874  
(2) 5,12,17,6 
[17 (-), 23 (+)] 
χ2 (1, N = 40) = 
0.625, p = 0.429 
(3) 5,15,13,7 
[20 (-), 20 (+)] 
χ2 (1, N = 40) = 




[14 (-), 26 (+)] 
χ2 (1, N = 40) = 
3.025, p = 0.082 
(5) 3,13,17,7 
[16 (-), 24 (+)] 
χ2 (1, N = 40) = 
1.225, p = 0.268 
(6) 5,13,17,5 
[18 (-), 22 (+)] 
χ2 (1, N = 40) = 




[3 (-), 37 (+)] 
χ2 (1, N = 40) = 
27.225, p < 0.001  
(8) 0,11,18,11 
[11 (-), 29 (+)] 
χ2 ( 1, N = 40) = 
7.225, p = 0.007 
(9) 2,4,19,15 
[6 (-),34 (+)] 
χ2 (1, N = 40) = 




[4 (-), 35 (+)] 
χ2 (1, N = 39) = 
23.077, p < 0.001 
(11) 0,6,18,16 
[6 (-), 34 (+)] 
χ2 (1, N = 40) = 
18.225, p < 0.001 
(12) 2,5,17,16 
[7 (-), 33 (+)] 
χ2 (1, N = 40) = 
15.625, p < 0.001 
Expertise (13) 1,11,13,14 
[12 (-), 27 (+)] 
χ2 (1, N = 39) = 
5.026, p = 0.025  
(14) 4,6,20,10 
[10 (-), 30 (+)] 
χ2 (1, N = 40) = 
9.025, p = 0.003 
(15) 5,10,14,11 
[15 (-), 25 (+)] 
χ2 (1, N = 40) = 
2.025, p = 0.155 
Character (16) 0,5,13,22 
[5 (-), 35 (+)] 
χ2 (1, N = 40) = 
21.025, p < 0.001 
(17) 1,6,17,16 
[7 (-), 33 (+)] 
χ2 (1, N = 40) = 
15.625, p < 0.001 
(18) 4,8,17,11 
[12 (-), 28 (+)] 
χ2 (1, N = 40) = 




[3 (-), 37 (+)] 
χ2 (1, N = 40) = 
27.225, p < 0.001 
(20) 0,8,19,13 
[8 (-), 32 (+)] 
χ2 (1, N = 40) = 
13.225, p < 0.001 
(21) 2,10,18,10 
[12 (-), 28 (+)] 
χ2 (1, N = 40) = 
5.625, p = 0.018 
Guidance (22) 1,4,18,17 
[5 (-), 35 (+)] 
χ2 (1, N = 40) = 
21.025, p < 0.001 
(23) 1,12,14,12 
[13 (-), 26 (+)] 
χ2 (1, N = 39) = 
3.692, p = 0.055 
(24) 4,8,21,7 
[12 (-), 28 (+)] 
χ2 (1, N = 40) = 
5.625, p = 0.018 
Support (25) 3,10,17,9 
[13 (-), 26 (+)] 
χ2 (1, N = 39) = 
3.692, p = 0.055 
(26) 4,10,18,8 
[14 (-), 26 (+)] 
χ2 (1, N = 40) = 
3.025, p = 0.082 
(27) 8,8,17,7 
[16 (-), 24 (+)] 
χ2 (1, N = 40) = 
1.225, p = 0.268 
 
